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PREFACE 


In 1982, lewis Research Center's 934 research authors published 378 technical publications 
which were announced to and reached the worldwide scientific community. This number was 
almost the same as last year's 384 publications. The number of reports published per person per 
year has decreased slightly. In 1982, Lewis authore published approximately 61 percent of their 
research contributions In outside publications and the remainder as NASA research reports. 
Lewis authors primarily use society proceedings, seminar presentations, journal articles, and 
transactions to describe their work. Many have received awards for their contributions; among 
them are the following: 

The 1982 Lewis Distinguished Paper Award was presented to Gary M. Johnson for his paper 
entitled "Surrogate-Equation Technique for Simulation of Steady Inviscid Flow." 

In 1982, Marvin Goldstein, Lewis' Chief Scientist, was presented two prestigious awards. He 
received the Aeroacoustics Award for his Important contributions to the theories of fan, jet, and 
jet-surfaco Interaction noise Including his comprehensive treatise Aeroacoustics, that has 
become a standard reference In the field and was published by McGraw-Hill. M. Goldstein also 
was presented the Pendray Aerospace Literature Award for outstanding literature contributions In 
aeroacoustics and unsteady aerodynamics which have significantly advanced those sciences 
and produced key elements In the design of high-speed fans and compressors for modern aircraft 
engines. 

In 1982, 296 conti'actor-authored research reports were produced, a decrease from the previous 
year's output of 312. In addition, 21 patent applications were filed and 19 patents were Issued. 

All the publications In this collection were announced In the 1982 Issues of STAR (Scientific and 
Technical Aerospace Reports) and lAA (International Aerospace Abstracts), 

The arrangement of the material Is by NASA subject category, as noted In the Contents. The 
Lewis-authored Items are listed first, followed by the contractor Items. Within each of these 
groups Is listed report literature, In N-number sequence, followed by the journal and conference 
presentations. In A-number sequence. 

The various Indexes will help locate specific publications by subject, author, contractor 
organization, contract number, and report number. 


George Mandel 

Chief, Publications Division 
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01 AERONAUTICS (GENERAL) 


M92*170S3*j|( National Aaronautica and Space Administration. 
Lawift Research Center, Cleveland, Ohio, 

AN EXPERIMENTAL STUDY OF AIRlFOIL ICING CHARAC- 
TERISTICS 

Robert J, Shaw, Ray G, Sotos, and Frank R. Solano 1982 
37 p refs Presented at Twentieth Aerospace Sci. Conf., Orlando, 
Fla.. 11-14 Jan. 1962; sponsored by AIAA 
(NASA-TM-82790; E-1114) Avail: NTIS HC A03/MF AOl 
CSCl 01B 

A full scale general aviation wing with a NACA 63 sub 
2 A415 airfoil section was tested to determine icing characteris- 
tics for representative rime and glaze icing conditions. Measure- 
ments were made of Ice accretion shapes and resultant wing 
section drag coefficient levels, It was found that the NACA 63 sub 
2 A415 wing section was loss sensitive to rime and glaze Icing 
encounters for climb conditions, E.A.K, 


N61-18004*/^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio, 

ADVANCED TECHNOLOGY FOR CONTROLLING POL- 
LUTANT EMISSIONS FROM SUPERSONIC CRUISE 
AIRCRAFT c46 

Robert A. Duerr and Larry A. Diehl In NASA. Langley Research 
Center Supersonic Cruise Res. 1979, Ft. 1 Mar. 1980 
p 535-549 (For primary docMment see N81-17961 09-01) 
Avail: NTIS HC A23/MF AOl CSCL 13B 

Gas turbine engine combustor technology for the reduction 
of pollutant emissions is summarized. Variations of conventional 
combustion systems and advanced combustor concepts are 
discussed. Projected results from far term technology efforts aimed 
at applying the premixed prevaporized and catalytic combustion 
techiiiques to aircraft combustion systems Mndicata a potential 
for significant reductions In pollutant emission levels. M.G. 


N82-19132*# N:^tional Aeronautics and Space Administration, 
Washington, D. C. 

BIBLIOGRAPHY OF NASA PUBLISHED REPORTS ON 
GENERAL AVIATION, 1976 TO 1981 

Jun. 1981 277 p 

(NASA-TM-83307) Avail: NTIS HC A13/MF AOl CSCL 
01 B 

This bibliography lists 478 documents which relate to all 
heavier-than-air fixed wing aircraft exclusive of military types 
and those used for commercial air transport, An exception is 
the inclusion of commuter transport aircraft types within the 
general aviation category. NASA publications included in this 
bibliography are: conference p:iblications (CP), reference publica- 
tions (RP). technical memoraridums (TM, TMX), technical notes 
(TN), technical papers (TP), and contractor reports (CR). In addition, 
papers and articles on NASA general aviation programs published 
by technical societies (AIAA, SAE, etc,) are Included, as well as 
those listed In NASA's Scientific and Technical Aerospace Reports 
(STAR) Journal. Author and subject indexes are also provided 
to facilitate use of the bibliography. T.M. 


N82-19145*/)/ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

ENGINE TECHNOLOGY c07 

Anthony C. Hoffman In NASA, Langley Research Center Elec. 
Flight Systems Feb, 1982 p 235-240 (For primary document 
see N8i-19134 10-01) 

Avail: NTIS HC A12/MF AOl CSCL 21E 

Materials used in a presentation on development of engine 
technology for electric flight systems are presented. Component 
and system technology issues, NASA's role, and flight test 
requirements are outlined. J.D.H. 
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NB2-19148^/)f National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

ROWER SYSTEMS cOS 

Robert Finke In NASA, Langley Research Centar Elac. Flight 
Systems Feb. 1982 p 241-246 (For primary document see 
N82-19134 10-01) 

Avail: NTIS HC A12/MF AOl CSCL 01 C 

Materials illustrating a presentation of the development of 
power systems are presented. The technology Ittues and tradeoffs, 
the role of NASA, and testing requirements are outlined. J.D.H, 


N82-19147*j|i National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

ENVIRONMENTAL CONTROL SYSTEMS c64 

Frank Hrach In NASA. Langley Research Centar Elec, Flight 
Systems Feb. 1982 p 247-252 (For primar/ document see 
N82-19134 10-01) 

Avail: NTIS HC A12/MF AOl CSCL 06K 

Materials illustrating a presentation on environmental 
control systems for electric flight systems are presented. The 
major technology Issues, major development and application steps, 
the role of NASA, and required flight testing are outlined, J.D.H. 


N82-21145*j{l National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

OZONE AND AIRCRAFT OPERATIONS c46 

Porter J. Perkins (n NASA. Marshall Space Flight Center Proc.; 
Sth Ann. Workshop on MeteoroL and Environ. Inputs to Aviation 
cisterns Dec. 1981 p 40-44 refs (For primary document see 
Nt:i-21139 12-01) 

Avail: NTIS HC A07/MF AOl CSCL 04A 

The cabin ozone problem is discussed. Cabin ozone in terms 
of health effects, the characteristics of ozone encounters by aircraft, 
a brief history of studies to define the problem, corrective actions 
taken, and possible future courses of action are examined. It Is 
suggested that such actions include avoiding high ozone 
concentrations by applying ozone forecasting tn flight planning 
procedures, E.A.K. 


N82-2'l148*/|( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

NASA/LEWIS RESEARCH CENTER ICING RESEARCH 
PROGRAM €03 

Peggy L. Evanich /n . NASA. Marshall Space Flight Center 
Proc.: Sth Ann. Workshop on MeteoroL and Environ. Inputs to 
Aviation Systems Dec. 1981 p 64-75 (For primary document see 
N82-21139 12-01) 

Avail; NTIS HC A07/MF AOl CSCL 01 C 

Icing requirements for commercial aircraft, light transport 
and general aviation aircraft, and rotorcraft were studied. The 
objectives was to: establish the state of the art In aircraft icing, 
determining the aircraft Industry's icing research and technology 
needs, and recommending both short and long term icing programs 
to NASA. It is shown that all three categories of aircraft need 
improved and new ice protection system, icing caiculatlonal 
techniques, icing performance sensitivity on current and modern 
airfoils, and new and improved icing facilities. The need for a 
general aviation pilot training film concerning flight into icing 
conditions is also identified E.A.K. 


N82-26219*/|( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

SUMMARY AND RECENT RESULTS FROM THE NASA 
ADVANCED HIGH SPEED PROPELLER RESEARCH 
PROGRAM 

Glenn A. MItcheif and Daniel C. Mikkelson 1982 35 p refs 
Presented at the 18th Joint Propulsion Conf,, Cleveland, 
21-23 Jun. 1982; sponsored by AIAA. SAE and ASME 
(NASA-TM-82891; E-1269: NAS T 15:82891) Avail: NTIS 
HC A03/MF AOT CSCL 01B 

Advanced high-speed propellers offer large performance 
improvements fpr aircraft that cruise in the Mach 0,7 to 0.8 speed 
regime The current status of the NASA research program on 
high-speed propeller aerodynamics, acoustics, and aeroelastics 
is described. Recent wind tunnel results for five 8- to lO-b|ade 
advanced models are compared with analytical predictions. Test 


1 


leiults show that blade sweep was important in achieving net 
efficiencies near 60 percent at Mach 0,8 and reducing near*field 
cruise noise by dB. lifting line and lifting surface aerodynamic 
analysis codes are under development and some initial lifting 
line results are compared with propeller force and probe data^ 
Seme initial laser velocimeter measurements of the flovy field 
velocities of an 8*btaded 45 deg swept propeller are shown. 
Experimental aeroelastic results Indicate that cascade effects end 
blade sweep strongly affect propeller aeroelestic characteristics. 
Comparisons of propeller near-field noise data with linear acoustic: 
theory Indicate that the theory adequate predicts near-field 
noise for subsonic tip speeds but overpredicts the noise for 
supersonic tip speeds. Potential lar{^« gains in propeller efficiency 
of 7 to 1 1 percent at Mech 0.6 may be possible with advanced 
counter-rotation propellers, 6,W, 
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A81-32548 * ff The effect of inflow velocity ptofties oii ihe 
performance of supersonic ejector nozzles. A. R. Bishop (NASA, 
Lewis Research Center, Cleveland, Ohio). American institute of 
Aeronautics and Astronaut ks. Aerospace Sciences Meeting, 19th, St. 
Louis, Mo., Jan. 12 15, 1981, Paper 81-0273. 6 p. B refs. 

The design of supersonic nozzles Is becoming increasingly 
complex as conflicting requirements for low noise, higher efficiency, 
and wider operating range are driving the designer toward more 
variable geometry and multiple stream flows. Analysts techniques 
must be modified and expanded to take into account these 
additional complexities and still retain the rapid computational rate 
necessary for optimization and design studies. A nozzle analysis must 
handle more flow streams, more complex geometries, and more 
highly distorted Initial profiles. This paper discusses some modifica- 
tions to a method for calculating the performance characteristics of 
supersonic ejector nozzles and demonstrates the Improvement In 
results the modifications provide. (Author) 


A82-37676 * # Kevlar/PMR-15 polyimlde mitrix composite for a com- 
pisx shspod DC-6 drag reduction feirjng. R. T. Kawai, R. F. McCarthy, M. S. 
Wilier (Douglas Aircraft Co., Long Beach, CA), and F, J. Hrach (NASA, Lewis 
Research Center, Cleveland, OH). AM A, SAB, and ASMB, Joint Propulsion 
Conference, 18th, Cleveland, OH, June 21-23, 1983, AlAA Paper 82-1047. 9 p. 
6 refs. 

The Aircraft Energy Efficiency (ACEE) Program was established by NASA to 
Improve the fuel efficiency of commercial transport aircraft and thereby to reduce 
the amount of fuel consumed by the air transportation industry. One of the final 
items developed by the program Is an improved fairing which is the aft closure 
for the thrust reverser actuciors on the JT0D nacelles on DC-9 aircraft. The 
reduced-drag fairing uses, in the Interest of weight savings, an advanced compos- 
ite construction. The composite material contains Kevlar 49 fibers in a PMR-15 
matrix. Attention Is given to the aerodynamic configuration, the material system, 
and aspects of fabrication development, G.R. 


N82-22142*|^ Toledo Unlv., Ohio. Dept, of Chemical 
Engineering. 

NUMERICAL SIMULATION OF ONE-DIMENSIONAL HEAT 
TRANSFER IN COMPOSITE BODIES WITH PHASE CHANGE 
M.S. Thesle, 19S0 Final Report 

Kenneth J. DeWitt and Gurudutt Batiga Mar. 1982 88 p 

refs 

(Contract NAG3-72) 

(NASA-CR-165607: NAS 1.26:165607) Avail; NTIS 

HC A05/MF A01 CSCL 20D 

A numerical simulation was developed to investigate the 
one dimensional heat transfer occurring in a system composed 
of a layered aircraft blade having an ine deposit on its surface. 
The finite difference representation of the heat conduction 
equations was done using the Crank- Nicolson implicit finite 
difference formulation. The simulation considers uniform or time 
dependent heat sources, from haaters which can be either point 
sources or of finite thickness. For the ice water phase change, 
a numerical method which approximates the latent heat effect 
by a large heat capacity over a small temperature interval was 
applied. The simulation describes the temperature profiles 
within the various layers of the d*-icer pad, as well as the 
nDovement of the ice Water Tn\<]rface. The simulation could also 
be used to predict the one dimensional temperature profiles in 
any composite slab having different boundary conditions. M.G, 
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02 ArmODYNAMICS 

|iK:lud68 aerodynamics of bodiesi combinations^ wings, 
rotors, and conM surfaces; and internal flow In ducts and 
turbomachinery. 

For related Information see also 34 Fluid Mechanics and 
Heat Transfer* 


National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 

LOW SPEED testing OP THE iNiETS DESIGNED POP A 
TAMDEN-PAN V/8TOL NACELLE 

Robert C< Williams and Andros H Ybarra (Vough Corp,. Dallas) 
1981 13 p refs Presented at the V/STOL Conf . Palo Alto, 

Calif, 7-9 Dec 1981 

(NASA-TM-«2728. 6-1031, AIAA-8U2627) Avail NTIS 
HC A02/MP A01 CSCL 01A 

An approximately 0.25 scale model of a tandem fan nacelle, 
designed for a subsonic V/SJOL aircraft, was tested in a Lewis 
wind tunnel Model variables included long end short aft inlet 
cowls and the addition of exterior strokes to the short inlet 
cdwi Inlet pressure recoveries and distortion were measured at 
pitch angles to 40 deg and at combinations of pitch and yaw 
to 30 deg. Airspeeds covered a range to 135 Knots (69 m/sec) 
The short aft inlet with added strokes had the best aerodynamic 
performance and is considered suitable for the intended V/STOL 
application T,M 


N82*11043*JI National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio. 

A SUMMARY OP V/STOL INLET ANALYSIS METHODS 
Danny P, Hwang f ulfil 12 p refs Presented at the V/STOL 
Conf, Polo Alto, Calif, 7-9 Dec 1981 
{NASA‘TM-82725, 6*1027) Avail: NTIS HC AG^MF A01 
CSCL OlA 

Recent extensions and applications of the rr hods ore 
emphasized They Include the specification of the Kutta condition 
for a slotted Inlet, the calculation of suction and tangemual blowing 
for boundary layer control, and the analysis of auxiliary inlet 
geometries at angles of attack. A comparison is made with 
experiment for the slotted inlet. An optimum diffuser velocity 
distribution was developed T.M. 


NS2-12(H3*| National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

INTERACTION OP UPSTREAM FLOW DISTORTIONS WITH 
HIGH MACH NUMBER CASCADES 

Gerald W, Englert 1981 21 p refs Proposed for presentation 
at the 27th Ann. Gas Turbine Conf, London. 18*22 Apr. 1982: 
sponsored by ASMS 

(NASA-TM-82769; 6*1078) Avail: NTIS HC A02/MF A01 
CSCL01A 

Features of the interaction of flow distortions, such as gusts 
and wakes with blade rows of advance type fans and compressors 
having high tip Mach numbers are modeled. A typical disturbance 
was assumed to have harmonic time dependence and was 
described, at a far upstream location. In three orthogonal spatial 
coordinates by a double Fourier series. It was convectad at 
supeieonlc relative to a linear cascade described as an unrolled 
annulus, Conditions were selected so that the component of 
this velocity parallel to thf» ’ixis of the turbomachine was subsonic, 
permitting interaction between blades through the upstream as 
well as downstream Row media, A strong, nearly normal shock 
was considered in the blade passages which was allowed 
curvature and displacement. The Rows before and after the shock 
were linearized relative to uniform mean voloclties in their 
respective regions. Solution of the descriptive equations was by 
adaption of the Wiener* Hopf technique, enabling a determination 
of distortion patterns through and downstream of the cascade 
as well as pressure distributions on the blade and surfaces, Details 
of interaction of the disturbance with the tn*passage shock were 
discussed, Infuences of amplitude, wave length, and phasa of 
the disturbance on lifts and moments of cascade configurations 
■re presented. Numerical results are clarlRod by reference to an 
especially orderly pattern of upstream vertical motion In relation 
to the cascade parameters. RJ.F. 


NS2*13112^ljl Nauonal Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THRUST MODULATION METHODS FOR A SUBSONIC 
V/STOL AIRCRAFT 

Richard R. Woollen 1981 18 p refs Presented at V/STOL 

Conf, Palo Alto. Calif., 7*9 Dec. 1981; sponsored by AIAA and 
NASA Ames 

(NASA*rV!*82747i 6-1063) Avail: NTIS HC A02/MF AOl 
CSCL 01A 

Low speed wind tunnni tests were conducted to assess four 
methods for attaining thrust mpduljucn for V/STOL aircraft. The 
four methods were: (1) fan Speed change, (2) fan nozzle exit 
area change. (3) variable pitch rotor (VPR) fan, and (4) variable 
inlet guide vanes (V|GV). The interrelationships between inlet 
and thrust modulation system wore also investigated using a 
double slotted inlet and thick lip inlet. Results can be summarized 
as: 11} the VPR and VIGV systems were the most promising, 
(2) changes in blade angle to obtain changes in fan thrust have 
significant implications (or the Inlet, and (3) both systems attained 
required level of thrust with acceptable levels of fan blade 
stress. M D K. 


N82*13113^j^ National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

COMPUTATIONAL METHODS FOR INTERNAL FLOWS 
WITH EMPHASIS ON TURBOMACHiNERY 

Wiiltam D. McNaliy and Pfter M, Sockol 1981 79 p refs 

Presented at the Symp. on Computers in Flow Predictions and 
Fluid Dyn. Exp. at the ASM 6 Winter ^nn. Meeting, We.shingtpn, 
D C.. 16*20 Nov. 1981 

(NASA*TM*82764; E-1085) Avail; NTIS HC A05/MF AOl 
CSCL01A 

Current computational methods for analyzing flows in 
turbomachinery and other related internal propulsion components 
are presented. The methods are divided Into two classes. The 
inviscid methods deal specIRcally with turbomachmery applico* 
tions. Viscous methQd*^, deal with generalized duct flows as well 
as flows in turbofi h*nery passages. Inviscid methods are 
categorized "? 2 tential, stream function, and Euler 

aproaches. ^^4* * i v ds are treated in terms of parabolic, 
partially parsfiL: - 1 ift.id ollipiic procedures. Various grids used In 
association ;^iese procedures are also discussed Author 


N82.13114*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

the EFFECT OF ROTOR BLADE THICKNESS AND 
SURFACE FINISH ON THE PERFORMANCE OF A SMALL 
AXIAL FLOW TURBINE 

Richard J. Roelke and Jeffrey 6, Haas 1982 13 p refs Proposed 
for presenvation at the Gas Turbine Ann. Meeting. London. 
18-22 Apr. 1982; sponsored by ASME Prepared in cboperaticin 
with Army Aviation Research and Development Command, 
Cleveland 

TContraci DE-AI01-77CS-51040) 

(NASA-TM-8;2726; DOE/ NASA/ 51 040*34; TR*81*C*29) Ava.. 
NTIS HC A02/MF AOl CSCL 21 E 

An experimental investigation was conducted to determine 
the effect of blade profile inaccuracies and surface finish on the 
aerodynamic performance of a 11,13 cm tip diameter turbine 
The a$*received cast rotor blades had a significantly thicker profile 
than the design intent and a fairly rough surface finish. Stage 
test results showed an increase of one point in officieny by 
smoothing the surface finish and another three points by thinning 
the blade profiles to near the design profile. Most of the 
performance gain between the as-casi th*,;k and the thinned 
rotor blades both with the same surface finish, was attributed 
to reduced trailing edge Kisses of the recontoured blades, Author 


NS2-14051’*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

ANALYTIC INVESTIGATION OF EFFECT OF END*WALL 
CONTOURING ON STATOR PERFORMANCE 

Robert J. Boyle. Harold E, Rhofik. and Louis J. Goldman Nov. 
1981 12 p refs 

(NASA-TP-1943; E-719) Avail: NTIS HC A02/MF AOl CSCL 
01A 

Calculations show improved stator performance when the 
tip end wall was contoured so that the inKR area was greater 
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than tha axit area. Comparitona are made with previously publishad 
axparimantal date. Thv^ rasutts of a parametric analysis of the 
affect contour geometry orr the efficiency of a highly loaded 
axial stator are given. The mexirhum stator efficiency gain is 
about 0.8 percentage point, and this represents a 22 percent 
reduction in stator losses. The degree to which endwall contouring 
reduces the forces driving secondary flows was also axamlnad^ 
The driving forces; for both cross channel and radial secondary 
flow were reduced. T.M, 


N82*1 5020*1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

COMPAffllSON OF TWO AND THREE DIMENSIONAL FLOW 
COMPUTATIONS WITH LASER ANEMOMETER MEASURE* 
MENTS IN A TRANSONIC COMPRESSOR ROTOR 

Rodrick V. Chima and Anthony J. Strazisar 1982 16 p refa 

Proposed for presentation at the 27ih Gas Turbine Conf.. Londor?, 
18-22 ,\|pr. 1982; sponsored by ASME 
(NASA4^-82777; E4007) Avetl: NTIS HC A02/MF A01 
CSCLOlfA 

A procedure for using an efficient axisymmetric code to gener; 
ate downstream pressure input for more costly Euler codes Is 
discusseii Two end thrpe dimensional invisctd solutions for th^ 
flow within a transonic axial compressor rotor at design speed 
ere compared to laser anemometer measurements at maximum^ 
flow and near stall operating points. Computational datails of 
the 2-D axisymmetric stream function solution and the 3-0 full< 
Euler solution are described. Relative Mach number contours, 
shock location, and shock strength as measured and as predicted 
by the 3-D code ere compared. Downstream of the rotor the 
Inviscid computations agree with ear;h other but predict higher 
pressure ratios than those measured. Euler codes require a 
downstream pressure as input. Since that pressure controls the 
computed mass flow and shock system, it must be consistent 
with an inviscid solution. E.A.K. 


N82-1S049*# Nation^! Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

APPLICATION OF IMAGE PROCESSING TECHNIQUES TO 
FLUID FLOW DATA ANALYSIS 

Charles C, Glamati 1981 16 p presented at the 11th Ann. 

Computer Output Microfilm (COMtec) Conf., Lincolnshire, III., 
24-26 Feb, 1981 

(NASA-TM-82760; E-1081) Avail: NTIS HC A02/MF AOl 
CSCL01A 

The application of color coding techniqueo used in processing 
remote sensing imagery to analyze and display fluid flow data 
is discussed. A minicomputer based color film recording and 
color CRT display system is described, High quality, high resolution 
images of two-dimensional data are produced on the film recorder. 
Three dimensional data, in large volume, are used to generate 
color motion pictures u. which time is used to represent the 
third dimensior. Several applications and examples are presented. 
System hardware and software is described. M.G. 


N82-1817S*j)i National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland. Ohio. 

COMPARISON OF TWO PARALLEL/SERIES FLOW TUR- 
■ OFAN PROPULSION CONCEPTS FOR SUPERSONIC 
V/STOL 

R. W. Luidens, G, E. Turney, and J. Allen 1981 15 p refa 

Preaentad at the V/STOL Conf,, Pe^o Alto, Conf., 7-9 Dec. 
1981 

(NASA-TM-82743; AIAA-81-2S37: E-1056) Avail: NTIS 
HC A02/MF AOl CSCL 01A 

Tha thrust, specific fuel consumption, and ralativa merits of 
the tandem fan and the dual reverse flow front fan propulsion 
lystams for a supersonic V/STOL aircraft are discuss^id. 
Consideration is given to; fan pressure ratio, fan air burning, 
end variable core supercharging. The special propulsion system 
components required ere described, namely: the deflecting front 
inlet/nozzle, the aft subsonic inlet, the reverse pitch fan. the 
variabtf core eupercherger snd the low preaaure fbrward burner. 
The potential benefits for these unconventional aystama art 
indicatad. Author 


Nt2-241S6*i|f National Aeronautics and Space Administration. 
Liwit Research Canter, Cleveland, Ohio. 

EXPERIMENTAL AND ANALYTICAL RESULTS OF TANOEN* 
TI4L blowing APPUEO TO A SUBSONIC V/STOL INLET 
Richard R, Burfty and Danny P. Hwang 1982 IS p raft 
Proposad for presentation at the 18th Joint Propulsion Conf., 
Cleveland, 21-23 Jun. 1982: sponsored by AIAA, SAE and 
ASME 

rNASA^TM-82847: E-1217: NAS 1,15:82847) Avail: NTIS 
HC A02/MF AOl CSCL 01A 

Engine Inlets for subsonic V/STOL oircraft must operate over 
• wide range of conditions without Internal flow separation. 
Experimental and analytical investigations wsra corKkicted to 
svaluats the effectiveness of tangential blowing to maintain 
attached flow to high angles of attack. The Inlet had a rela- 
tively thin lip with a blowing slot located either on the lip or In 
the diffuser. The height end width of these slots was varied. 
Exparimantally determined Cow separation boundaries showed 
that lip blowing achieved higher angle of attack capability than 
diffuser blowing. This capability was achieved wKh tha largaat 
slot circumferential extent end either of the two slot heights. 
Predicted {enaiytical) separation boundaries showed good 
agreement except at the highest angles of attack. S.L 


Ni2-26213*| National Aeronautics and Space Admlnll<tratlon. 
Lewis Research Center, Cleveland, Ohio. 

SOME ASPECTS OF CALCULATING FLOWS ABOUT 
THREE-DIMENSIONAL SU8S0NIC INLETS 

H, C, Kao 1981 19 p refs Presented at Che 17th Joint 

Propulsion Conf,. Colorado Springs, Colo.. 27-29 Jul. 1981 
(NASA-TM-82789; E-941: NAS 1.15:827Fi9) Avail: NTIS 
HC A02/MF AOl CSCL 01A 

Various three dimensional inlet models were calculated based 
OP the potential flow mode). Results ere presented in the forms 
rvf surface static pressure, flow angularity; surface flow pattern, 
and inlet flow field, it is indicated thsX the extension of the 
lower lip can reduce the adverse pressure gradient and Increase 
the flow separation bound. E.A.K, 


NB2-26234*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, ’Ohio. 

LASER ANEMOMETER MEASUREMENTS IN AN ANNULAR 
CASCADE OF CORE TURBINE VANES AND COMPARISON 
WITH THEORY 

Louis J Goldman and Richard G. Seashultz Jun. 1982 47 p 
refs 

(NASA-TP-2018; £-876; NAS 1,60:2018) Avail: NTIS 
HC A03/MF AOl CSCL01A 

Laser measurements were made in an annular cascade of 
stator vanes operating at an exit critical velocity ratio of 0,78. 
Velocity and flow angles In the blade to blade plans werii) obtained 
at every 10 percent of axial chord within the (passa^^e and at 
1/2 axial chord downstream of the vanes for radial positions 
near the hub. mean and tip. Results are presented lO both plot 
and tabulated form and are compared with calculatirhs from ar) 
inviscid, quasi three dimensional computer program The 
experimental measurements generally agreed well with these 
theoretical calculations, an indication of the usefulness of this 
analytic approach. Author 


N82-26240*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

AERODYNAMIC PERFORMANCE OF HIGH TURNING CORE 
TURBINE VANES IN A TWO DIMENSIONAL CASCADE 

John R Schwab 1982 20 p refs Presented at the 18th 
Joint Propulsion Conf., Cleveland, 21-23 Jun. 1982: sponsored 
by AIAA. SAE and ASME 

(NASA-TM-82894: E-1272; NAS 1.15:82894) Avail: NTIS 
HC A02/MF AOl CSCL 01 A 

Experimental and theoretical aerodynamic performance data 
are presented for four uncooled high turning core turbine vanes 
with exit angles of 74.9, 75,0, 77.5, and 79.6 degrees In a 
two dimenfJbnai cascade. Data for a more conservative 
67,0 degree vane are included for comparison. Correction of 
the experimental aftermix kinetic energy losses to a common 
0.100 centimeter trailing edge thickness yields a linear trend of 
increased loss from 0.p20 to 0,025 as the vane exit angle 
increases from 67.0 to 79l6 degrees. The theoretical losses show 
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a simiiar trend the experimental and theoretical vane surface 
velocity distributions penerally agree vyithln approximately five 
percents although the suction surface theoretical velocities are 
generally higher than the experimental velocities as the vane 
exit angle increases S L 


H%2•Zt24^*§ National Aeronautics and Space Administration 
lewis Reiiearch Center, Clevelandi Ohio 

PEVIFORIWSANCE OF A 2D-CD NO N AXISYMMETRIC 
EXHAUST NOZZLE ON A TUMOJET ENGINE AT ALTI^ 
TUDE 

David M Straight 1982 28 p refs Presented at 18th Joint 
Propulsion Conf. Cleveland, 21-23 Jun. 1982: sponsored by 
AIAA, SAE and ASMS 

INASA4M-82881; E*1257: NAS 1.15:82881) Avail: NTIS 
HC A03/MF AOl CSCL OIA 

Baseline thrust and cooling data obtained with a 2D-CD 
versatile research exhaust nozzle mounted on a turbojet engine 
in an altitude charYiber are presented The tests covered a range 
of nozzle pressu/e ratios, nozzle pressure ratios, nozzle throat 
area^t. and inter/^al expansion area ratios The thrust data obtained 
show good agreement with theory and scale mode! results after 
correcting rne data for leakage and bypass cooling flows. 
Additional work is needed to improve predictability of cooling 
performance B.W 


N82-28247*/)l National Aeronautics and Space Administration, 
lewis Research Center, Cleveland, Ohio, 

COMPUTER PROGRAM FOR CALCULATING FULL POTEN- 
TIAL TRANSONIC, QUASI-THREE-DIMENSIONAL FLOW 
THROUGH A ROTATING TURBOMACHINERY BLADE 
ROW 

Charles A. Farrell Jun. 1982 57 p refs 

(NASA^TP-2030; E-1013, NAS 1.60:2030) Avail: NTIS 

HC A04/MF AOl CSCL OIA 

A fast, reliable computer code is described for calculating 
the flow field about a cascade of arbitrary two dimensional airfoils. 
The method approximates the throe dimensional flow in a 
turbomachinery blade row by correcting for stream tube 
convergence and radius change in the throughflow direction. A 
fully conservative solution of the full potential equation is combined 
with the finite volume technique on a body* fitted periodic mesh* 
with an artificial density imposed in the transonic region to insure 
stability and the capture of shock waves. The Instructions required 
to set up and use the code are included. The name of the code 
is QSONIC. A numerical example is also given to Illustrate the 
output of the program M.G. 


N82-28249*j{/ National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

A SUMMARY OF V/STOL INLET ANALYSIS METHODS 
Danny P Hwang and John M. Abb:m 1982 17 p refs To 
be presented at the 13th Congr. of the Intern, Council of the 
Aeronautical Sci and Aircraft Systems and Technol. Conf.. SeaUle. 
22-27 Aug 1982; sponsored by th^ American Inst, of Aeronautics 
and Astronautics Previously announced In lAA as A82- 16902 
{NASA-TM-82885; E-1263: NAS 1.15.82805) Avail: NTIS 
HC A02/MF AOl CSCL OIA 
For abstract see A82-16902 


N82-28260*/ll National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio. 

COMPARISON OF LASER ANEMOMETER MEASURE- 
MENTS AND THEORY IN AN ANNULAR TURBINE 
CASCADE WITH EXPERIMENTAL ACCURACY DETER- 
MINED BY PARAMETER ESTIMATION 

Louis J. Goldman and Richard G. Seasholtz 1982 15 p refs 
Proposed for presentation at Symp. on Engr App). of Laser 
Velocitmetry, Phoenix. Ariz,, 14-19 Nov. 1982; sponsored by 
ASME 

{NASA-TM-82860; E-1228; NAS 1.15:82860) Avail: NTIS 
HC A02/MF AOl CSCL OIA 

Experimental measurements of the velocity components in 
the blade to blade (axial tangentiai; ^ Jane were obtained with 
ah axial flow turbine stator passage and were compared with 
calculations from three turbomachinery computer programs. The 
theoretical results were calculated from a quasi three dimensional 
inviscid code, a three dimensional invjscid code, and a three 


dimensional viscous code. Parameter estimation techniques and 
a parivde dynamics calculation were used to assess the accuracy 
of thu^ laser measurements, which allow a rational basis for 
comparison of the experimenal and theoretical results. The 
genera! agreement of the experimenta! data with the results 
from the two Inviscid computer codes indicates the usefulness 
of these calculation procedures for turbomachinery blading The 
comparison with th* viscous code, while generally reasonable, 
was not as r>ood as for the inviscid codes. S t, 


N82-29270*j|i National Aeronautics and Space Administration. 
Lewis Research Center^ Cleveland, Ohio 
VELOCITY GRADIENT METHOD FOR CALCULATING 
VELOCITIES IN AN AXISYMMETRIC ANNULAR DUCT 
Theodore Katsanis Jul, 1982 23 p refs 
INASA-TP-2029; E-1104: NAS 1 60:2029) Avail: NTIS 
HC A02/MF AOl CSCL OIA 

The velocity distribution along an arbitrary line between the 
Inner and outer walls of an annular duct with axlsymmetric swirling 
flow is calculated. The velocity gradient equation Is used with 
an assumed variation of meridional streamline curvature. Upstream 
flow conditions can vary between the inner and outer walls, 
and an assumed total pressure distribution can be spocified. S,L, 


A82-19778 • H Three dfmenslonal flow calculations Including 
boundary layer effects for supersonic inlets at angle of attack. J. 
Vadyak, J. D, Hoffman (Purdue University, West Lafayette, IN), and 
A, R. Bishop (NASA, Lewis Research Center, Wind Tunnel and 
Flight Div„ Cleveland^ OH). American Institute of Aeronmics and 
Astronautics, Aerospace Sciences Meeting^ 20th, Orhndo, FL, Jan, 
11-14, 1982, Paper 82‘0061 , 13 p, 23 refs, Grant No, NsG-3311, 

An analysis Is presented for calculating the steady three- 
dimensional flow field In supersonic mixed-compression Inlets at 
incidence, A zonal modeling approach is employed to obtain the 
solution, The supersonic core flow Is computed using a second-order 
pentahedral bicharacteristlc algorithm, The bow shock wave and the 
reflected Internal shock train are determined using a three- 
dimensional discrete shock fitting procedure. The boundary layer 
flow adjacent to both the centerbody and the cowl Is computed 
using a second-order implicit finite difference method, The flow in a 
shock wave-boundary layer interaction region Is computed using an 
integral formulation. The culmination of the present research effort 
is the development of a production-type computer program capafa*e 
of analyzing flow In a variety of mixed-compression aircraft inlets. 
Numerical results and experimental correlations arc presented to 
illustrate application of the analysis. (Author) 


A82-3S19S * # Experimental and analytical results of tangcntlat blow- 
ing applied io a subsonic V/STOL Inlet, R. R. Burley and D. P. Hwang (NASA, 
Lewis Research Center, Cleveland, OH), AIAA, SAE^ end ASME, Joint Propul- 
sion Confenanco, 18th, Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1084 
12 p, 9 refs. 

(Previously announced in STAR as N82-241 65) 


A82-37684 * # Tangential blowing for control of strong normal shock 
- Boundary layer interactions on inlet ramps. M. F* Schwondemann (Northrop 
Corp., Hawthorne, CA) and B. W. Sanders (NASA, Lewis Research Center, 
Cleveland, OH). AIAA, SAE, and ASME, Joint Propulsion Conference, 18th, 
Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1082 . 10 p. 8 refs. Contract 
No. NAS2-9261. 

The use of tangential blowing from a row of holes In an aft facing step Is found 
to provide good control of the ramp boundary layer, normal shock interaction on 
a fixed geometry inlet over a wide range of Inlet mass flow ratios. Ramp Mach 
numbers of 1 .36 and 1 ,96 are investigated. The blowing geometry is found to have 
a significant effect on system performance at the highest Mach number. The use 
of hTgh-temperature air in the blowing system, however, has only a slight effect 
on performance. The required blowing rates are significantly high for the most 
severe test conditions. In addition, the required blowing coefficient Is fotjnd to be 
proportional to the normal shock pressure rise. ‘ C.R. 


AB2-37716 ^ # Aerodynamic performance of high turning core turbine 
vanea tn a two-dimensional cascade. J, R. Schwab (NASA, Lewis Research 
Center, Cleveland, OH), AIAA, SAE, and ASMS, Joint Propulsion Conference, 
ieth, Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1288. 1 9 p. 6 refs. 
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EKp#Hm«ntai and thaoraticat aarodynamic parformanca data ara prasantad tor 
four uncoolad Ngh turning cora turbina vanas with axit angtas of 74.9^ 75.0, 77.5, 
and 70.6 dagraat in a two-dknansiona) cascada. Data for a n>ora consarvatiya 
67.0 dagraa vana ara Indudad for comparjacn. CoracUon of tha axparimantal 
aftarmix kk)atiG anargy (ossat to a common 0.1 00 cantknatar trailing adga tNcK* 
naia yialdt a linaartrand of Incraatad loss from 0.020 to 0.025 as tha vana axit 
angla incraasas from 67.0 to 70.6 dagraas. Tha thaoratical lossas show a similar 
tra^. Tha axparimantal and thaoratical vana surtaca valodty distritHttfons ganar- 
atiy agraa within approximataty fiva parcant, although tha suct^km surface 
thaoratical yelocitias ara ganarally higher than the exparimentat valocltlas as the 
vana exit angle increases. (Author) 


A62-37037 * # Thraa*dimana|onal alMck atructura in a transitmic flutter 

caacada. D. R. Boldman, A. E. Buggeje, and A. J. Decker (NASA. Lewis Re- 
search Center. Cleveland, OH). AtAA ^(oumaf, vol. 20, Aug. 1 982, p. 1146-1148. 
5 refs, 

Rapid double-pulse holography was employed to obtain detailed, two-dimen- 
sional images of the ^hocK forming dunng simulated flutter in a transonic fjowfield. 
The experiment comprised a linear cascade of airfoils externally oncillated in 
torsion and viewed tangentially at the shock surface. Three biconvex airfoils were 
subjected to harmonic pitching motion about the midchord axis at a frequency of 
0.53 while immersed In a Mach 0.81 flow* Failure to produce observable shocks 
led to use of choked flow with a Mach number near one, of which 50 holograms 
were taken* The images revealed a narrow shock surface with a spanw*ise varia- 
tion in the shock prCperties. The method is concluded to be useful for examining 
transonic flowfield shocks In the presence of airfoil flutter. M.S.K. 


A62-40021 * # A summary of V/STOL Inlsl analysis msthoda. D. P. 

Hwang and J. M. Abbott (NASA, Lewis Research Center, Cleveland, DH). In: 
International Council of the Aeronautical Sciences, Congress. 13th and AIAA 
Aircraft Systems and Technology Conference, Seattle, WA, August 22-27 J 662, 
Proceedings. Volume 1, (A82-40876 20-01) New York, American Institute of 
Aeronautics and Astronautics, 1982, p. 402-409. 24 refs. 

The methods used to analyze the aerodynamic performance of V/STOL Inlets 
at the NASA Lewis Research Center are briefly described. Recent extensions 
and applications of the method are emphasized. They Include the specification 
of the Kutta condition for a slotted inlet, the calculation of suction and tangential 
blowing for boundary layer control, and ths) analysis of auxiliary inlet geometrieiv. 
A comparison is made with experiment for the slotted Inlet and also for tangantiat 
blowing. Rnally, an optimum Inlet diffuser velocity distribution is developed. 

(Author) 


Ni2-1^041*# Flow Research, Inc.. Kent, Wash. 

CALCULATIONS OF TRANSONIC POTENTIAL FLOW OVER 
CASCADES Final Report 
Wen- Hue! Jou Oct. 1981 36 p refs 
(Contract NAS3-22129) 

(NASA-CR-16S471: FRR-182) Avail: NTIS HC A03/MF A01 
CSCL 01A 

Transonic flow through a cascade was studied by using the 
full potential equation and the finite volume method of Jameson 
and Caughey. The C-type computational grid is generated by an 
electrostatic analogy and Simple shearing transformation. The 
solution algorithm includes an option of using either an artificiai 
density or an artificial viscosity formulation of the dissipative 
term. Using the developed code, flows through a cascade of 
NACA 0012 airfoils i^fid flows through a cascade of shockless 
blades were computr>d. It is found that the designed flow through 
the shockless blado \ti accurately predicted, the artificial density 
formulation showU more tolerance to the mesh irregularity, and 
the C-tyt)© mesh does not extend very far upstream for a small 
pitch-corfj ratio. T.M . 


N82r16044*| Universities Space Research Association, 
Columbia. Md. 

CAS22 - FO;4TRAN PROGRAM FOR FAST DESIGN AND 
ANALYSIS OF SHOCK-FREE AIRFOIL CASCADES USING 
FICTITfOUS-GAS CONCEPT final Report 

Djordje S. Dullkravjch and Helmut Sobiec2ky (DFVLR-lnst. fuer 
Thaorotische Stroemungsmechanik, Goettingen. West Germany) 
Washington NASA Jan, 1982 59 p refs 
(Contract NAS3-22532) 

(NASA-CR-3507) Avail: NTIS HC A04/MF A01 CSCL 01A 
A usar-oriented computer program* CAS22, was developed 
that is applicable to aerodynamic analysis and transonic shock-free 
redesign of existing two-dimensional cascades of airfoils. This 
FORTRAN program cen be used: (1) as an analysis code for 
full-potential, transonic, shocked or shock-free cascade flows: 


(2) as ?- design coda for shock-free cascades that uses Sob- 
iaczk/a fictitious-gas concept: and (3) as a shock-free design 
code followed automatically by the analytic irt order to confirm 
that tha newly obtained cascade shape provides for an entirely 
shock-free transonic flow field. A fourdaval boundary-conforming 
grid of an O type Is ganarated. The shock-free design is performed 
by implementing Sobitczk/s frclftlous-gas concept of elliptic 
continuation from subsonic into supersonic flow domains* 
Racomputation inside each supersonic zona Is performed by the 
method of characteristics In the rheograph plana by Uaing 
isantropic gas relations. Besides converting existing cascade 
shapes with multiple shocked supersonic regions Into thock-ftee 
cascades, CAS22 can also unchoke previously choked cascades 
and make them shock free. A.R.H* 


Nt2-17122*/|f McOonncil-Douglas Corp., St. Louis, Mo. 

TESTS OF A D VENTED THRUST DEFLECTING NOZZLE 
■EHIND A SIMULATED TURSOFAN ENGINE Final Report 
T* L. Watson Washington NASA Jan. 1982 139 p refs 
(Contract NAS3-21733) 

(NASA-CR-3508: MDC-A6930) Avail: NTIS 

HC A07/MF A01 CSCL 01A 

A D vented thrust deflecting nozzle applicable to subsonic 
V/STOL aircraft was tested behind a simulated turbofan engine 
in tha verticle thrust stand* Nozzle thrust, fan operating 
characteristics, nozzle entrance conditions, and static pressu/es 
ware measured. Nozzle performance was measured for variations 
in axit area and thrust deflection angle. Six core nozzle configure* 
tions, the effect of core exit axial location, mismatched core 
and fan stream nozzle pressure ratios, and yaw vana presence 
were evaluated. Core nozzle configuration affected performance 
at normal and engine out operating conditions* Highest vectored 
nozzle performance resulted for a given exit area whan core 
and fan stream pressure were equal. Its it concluded that high 
nozzle performance can be maintained at both normal and engine 
out conditions through ccnirol of the nozzle entrance Mcch number 
with a variable exit area. E,A*K. 


N82-18180^l|i United Tachnologies Research Canter. East 
Hartford, Conn* 

AN EXPERIMENTAL INVESTIGATION OF OAPWISE 
PERIODICITY AND UNSTEADY AERODYNAMIC RESPONSE 
IN AN OSCILLATING CASCADE. VOLUME 2: DATA 

RldPORT. PART 1: TEXT AND MODE 1 DATA Final 
Raport 

Franklin O. Carta Dae* 1981 411 p refs 
(Contract NAS3-22018) 

(NASA-CR-165457-Vol-2-Pt-1; R81-914618-28-Vol-2-Pt-1) 
Avail: NTIS HC A16/MF A01 CSCL 01A 

Tests ware conducted a linear cascade of airfoils oscillating 
In pitch !o maature the unsteady pressure response on salactad 
blade along tha leading edge plane of the caecade* over tha 
chord of tha canter blade, and on tha sidawail in tha plana of 
the leading adga. The tests ware conducted for all 96 combinations 
2 mean cambaiiina incir met angtas 2 pitching amplitudes 3 
reduced frequencies and b inttrbiade phase angles. Tha pressur 
data ware reduced to Fourier coaffldant form for direct comparison* 
and wart also processed to yield integrated loads and particularfy, 
tha aerodynamic damping coafficlant. Data obtained during the 
test program, reproduced from tha printout of the data raductlon 
program are complied. A further description of the contents of 
this report is found in tha text that foilows. Author 


N82-18184*/|i Pennsylvania State Unjy., University Park. Dept, 
of Aerospace Engineering. 

NUMERICAL ANALYSIS AND FORTRAN PROGRAM fOR 
THE COMPUTATION OF THE TURBUUNT WAKES OF 
TURBOMACHINERY ROTOR BLADES, ISOLATED AIRFOILS 
AND CASCADE OF AIRFOILS Final Report - Ph.D. Thaaia 
Mar. 1980 

C. Hah and B. Lakshminarayana Washington NASA Feb, 
1982 171 p refs 
(Grant NsG-3012) 

(NASA-CR-3509: PSU-TURBO-81-4) Avail: NTIS 

HC A08/MF A01 CSCL 01A 

Turbulent wakes of turbomachlnorY rotor blades, isolated 
airfoils, and a cascade of airfoils were investigated both numerically 
and experimentally. Low subsonic and incompressible wake flows 
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wore oMmined A finite drlference procoduro was employed m 
the numenca) analysis utiitimQ the eornmuny. momentum, and 
tutbulenes closuie equations m the rotaung, curvilinear, and 
nonorthogona! coordinate system A nonorthoQonat curvilinear 
coordinate system was developed to improve the accuracy and 
efficiency of the hMmertcal calculation Three turbulence models 
were employed to nbtam closure of the govemino equations. 
The first model waii comprised to transport equations for tha 
turbulent kinetic energy and the rate of energy dissipation, and 
the second and third models were compn^d of equations for 
the rate of turbulent kinf^ifc energy dissiuation and Reynolds 
stresses, respectively The second model handles the convection 
and diffusion terms in the Reynolds stress transport equation 
collectively, while the third model handles them individually. 
The numerical results demonstrate that the second and third 
models provide accurate predictions, but the computer time and 
memory storage can be considerably saved with the second 
model BW. 


NB2*191B9*| Pennsylvoma State Umv. University Park Dept 
of Aerospace Engineering 

APPMCATtON OP AN AIRFOIL STALL FtUTTER COMPUTER 
PREDICTION PROGRAM TO A THREE-DIMENSIONAL 
WING: PREOICTiON VERSUS EXPERIMENT M,S. TtwNa 

Anthony J Muffoletto Mar 1982 136 p refs 
{Grant lMsG«3304) 

(NASA.CR-168586) Avail; NTIS HC A07/MP A01 CSCL 
01A 

An csrodyoamic computer code, capable of predicting 
unsteady and C sub m values for an airfoil undergoing dynamic 
stall. IS used to predict the amplitudes and frequencies of a 
wing undergoing torsional stall flutter The code, developed at 
United Tochrtologios Research Corporation {UTRCI, is an 
empirical prediction method designed to yield unstoaoy 
of normal force and inomem* given the airfoirs static coeffii ipfr 
characteristics and the unsteady aerodynamic values, alpha. A 
and B In this experimeni. conducted in the P3U 4* 5* 

subsonic wind tunnel, the wing's elastic qius. torsional spring 
constant and initial angle of attack are varied, and the oscillatiort 
amplitudes and frequencies of the wing, while undergoing torsional 
stall flutter, are recorded Those experimental values show only 
lair comparisons with the predicted responses Predictions tend 
to bo good at low velocitios and father poor at higher voloci* 
ties Author 


Nt2*19178*|)l Hamilton Standard, Windsor Locks, Conn 

EVALUATION OF WIND TUNNEL PERFORMANCE TEST-^ 
INGt OF AN ADVANCED 45 DEO SWEPT 8.SLADEO 
PROPELLER AT MACH NUMBERS FROM 0,46 TO 0,86 
Final Raport 

C Rohrbach, F. B Metzger, D M Black, and ft M ladden 
Washington NASA Mar 1982 129 p refs 
(Contract NAS3-20769) 

(NASA-^Cft*3505| Avail: NTIS HC A07/MF AOI CSCL 01A 
The Increaiad emphasis of fuel conservation in the world 
and the rapic Increase in the cost of jet fuel has stimulated a 
series of studies of both conventional and unconventional 
propulsion systems for commercial aircraft The results of these 
studies indicate that a fuel saving of 1 S to 30 percent may be 
realized by the use of an advanced high-speed turboprop 
(Prop*Fanl compared to aircraft equipped with high bypass 
turbofan engines of oquivajont technology. The Prop-Fan 
propulsion system is being investigated as part of the NASA 
Aircraft Energy Efficient Program This effort includes the wind 
tunnel testing of a series of 8 and 10*blade Prop-Fan models 
incorporate swept blades. Test results indicate efficiency levels 
near the goal of 80 percent at Mach 0,8 cruise and an altitude 
of 10 67 km (35.000 ft] Each successive swept model has 
shown Improved efficiency relative to tht^ straight blade model. 
The fourth model, with 46 dog swept blades reported herein, 
shows a not efficiency of 78.2 at the design point with a power 
loading of 301 kW/sq meter and a tip speed of 243,8 m/sec 
(800 ft/sec] Author 


N82-21 1 58*1 Vought Carp . Dallas, Tex 

V/STOL tandem fan TRANSITION SECTION MODEL 
TEST 

William E Simpkin Mar. 1982 166 p fofs 
(Contract NAS3-22165) 


(NASA-CR-165687. NAS I 26;166687, 

TR2-63200/2R-53085] Avail NTIS HC A08/MF AOI CSCL 
OVA 

An approximitely P 25 scale model of the transition section 
of a tandem fan variabie cycle engine nacelle was tested in the 
NASA Lewis RaseSfClt S^enter t0»by-10 foot wind tunnel two 
V2-1nch. tip-turbfhe driven l&m used to simulate a ia»Tbtm 
fart engine Tivieo testing modes simulated e V/STOL tandem 
fan eirpiane. Parallal mode has two separate propulsion streams 
for maximum low spend performance. A front Inlat, fan, and 
downward vectorable nozzle forms one stream An auxllliary top 
inlet provides air to the aft fan « supplying the core engine and 
aft vectorable nozzle. Front nozzle and top inlet closure, and 
removal of a blocker door separating the two straams configures 
the tandem fan for series mode operations as a typical aircraft 
propulsion system. Transition mode operation Is formed by 
inteimediate settings of the front nozzle, blocker door, and top 
inlet. Emphasis was the total pressure recovery and flow 
distention at the aft fan face A range of fan flow rates were 
tested at tunnel airspeeds from 0 to 240 knots, and ungles-of- 
attack from ^10 to 40 deg for all three modes. In addition to 
the model va»fables for the three modes, model vnnants of the 
top inlet Were tested In the parallel mode only These lip variablts 
were, aft lip boundary layer bleed holes, and Three position 
turning vane Also a boll mouth extension of the top inlet side 
lips was tested m parallel mode B W 


NS2-22210*# Universities Space Reaearch Asaoclaiion, 
Columbia, Md. 

DESIQN OF SUPERCRITICAL CASCADES WITH NIGH 
SOLIDITY 

Jose M. Sanz Feb. 1962 8 p refs 
(Contract NAS3-22B3) 

(NASA-Cft- 165600; NAS 1.26:165600] Avail: NTIS 

HC A02/MF AOI CSCL 01 A 

The method of complex characteristics of Garabedlen and 
Korin wav iiicc«i»fu|ly used to design shockless cascades with 
solidithis of up to one. A code was developed using this method 
and a new hodograph transformation of the flow onto an ellipse. 
This code allows the design of cascades with solidities of up to 
two and larger turning angtai. The equations of potential flow 
are solved In a complex hodograph like domain by setting a 
characteristic Initial value problem end Integrating riilong suitable 
paths. The topology that the new mapping Introduces permits a 
simpler construction of these paths of intagratbn. M.G. 


N82-22211*# Boeing Commercial Airplane Co., Seattle, Wash. 
AERODYNAMIC ANALYSIS OF VTOL INUTS AND DEFINI- 
TION OF A SHORT. BLOWING-LIP INUT FkieVRepoit 

J. Syberg and A. 1. Jones Apr. 1962 61 p refs 
(Contract NAS3-22369) 

(NASA-CR-165617: NAS 1.26:165617: D6-61418) Avail: 
NTIS HC A04/MF AOI CSCL 01A 

The results Indicated that, without boundary layer control, 
either a vary long inlet or an Inlat with a very high contraction 
ratio lip will be required to rneet the stringent design rsqulremants. 
It is shown that active boundary tavor control is an effective 
means of prevanting separation and that a algnlficant reduction 
In inlet size can be achieved by removing only a small amount 
of bleed In the throat region of the Inlet. A short, bfdwlng-llp 
model was daslgned and fabricated. This model featurea an 
adjustable, blowing slot located near the hlllte on the windward 
side of the Inlet. T.M. 


NS2-22214^| Thermo Mechanical Systems Co., Canoga Park. 
Calif. 

DEVELOPMENT OF A LOCALLY MASS FLUX CON8E!2VA- 
TIVE COMPUTER CODE FOR CALCULATING 3-D VISCOUS 
FLOW IN TURBOMACHINES Final Report 

Leonard Walitt Apr. 1962 118 p refs 
(C^", tract NAS3-20834; DA Proj. 1L1-62209-AH-76] 
(NASA-0R>3539: NAS 1,26:3539: SR-34) Avalli NTIS 
HCA06/MFA01 CSCL01A 

The VANS successive approximation numerical method Was 
extended to the computation of three dlmenslone), viscous, 
transonic flows in turbo machines. A cross-sectional computer 
code, which conserves mass flux at each point of the cross- 
sectional surface of computation was developed. In the VANS 
numerical method, the cross-aectlonal computation follow t a 
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biad«<tO’b(»d« calculation. Numarlcal calculations wara mad# for 
an axial annular turbint cascada and a transonic, cantrlfugii 
impfllar with splittar vanaa. Tha subaonlc turbina caKada 
computation was panaratad In biada»to*li>lada surfaca to avaiu- 
ata tha accuracy of tha blada-to*blada moda of marching. 
Calculatad bfada prassuras at tha hub, mid, radii of tha 

caKada agraad with corrasponding maasuramav^>, Tlia transonic 
Impallar computation was cortductad to last tha newly davalopad 
locally mass hux ccnsarvativa cross-sactional comoutar coda. Both 
blada*tO’Nada and cross sactional modas of calculation wara 
Implamantad for this problam. A triplat poirit shock structure 
was computad In tha Inducer region of tha impallar In addition, 
tima-avaragad shroud static prassuras gartaraHy agraad with 
maa^rad shroud prassuras. It is concludad that tha blada*to<blada 
computation products a usafui nngmaaring flow fiald In raglons 
of subsonic ralativa flow; and crosa*aactk>nal computation, w^th 
a locally mass flux consarvativa continuity aquatkm, it raquirad 
to compute the shock waves in raglont of suparaonic ralativa 
flow, M.G, 


NB2*241B6^/il Ohio State Univ., Columbus. Dept, of Aeronauticaf 
and Astronautical Enginaaring. 

RIME ICE ACCRETION AND ITS EFFECT ON AIRFOIL 
PERFORMANCE Ph.D. Thaala. Final Raport 
Michael B. Bragg Mar. 1982 182 p raft 
(Grant NAG3-28) 

(NASA-CR.165599; NAS 1.26^165599} Avail: NTiS 

HC A09/MF A01 CSCL 01A 

A mathodoiogy was developed to predict the growth of rime 
ice, and the resulting aerodynamic penalty on unprotected, 
subcritical, airfoil surfaces. The system of equations ooveming 
tha trajectory of a water droplet In the airfoil flowfitid Is developed 
and a numerical solution is obtained to predict the mass flux of 
super cooled water droplets freezing on impact. A rime ica shape 
is predicted. The effect of t>me bn the Ice growth is modeled 
by a time^stepping procedu.'e where the flowfieid and droplat 
mass flux are updated periodically through the Ice accretion 
process. Two similarity parameters, the trajectory similarity 
parameter and accumulation paramater, are found to govern the 
accretion of rhnt Ice. In addition, an analytical solution is presented 
for Langmuir's classical modified inertia parameter. The aerody* 
rtimic evaluation of the effect of tho ibe accretion on airfoil 
performance Is determined using an existing airfoil analysis code 
with empirical corrections. The change in maximum lift coefficient 
is found from an analysis Of the new iced airfoil shape. The 
drag correction needed due to the severe surface roughness Is 
formulated from existing iced airfoil and rough airfoil date. A 
small K&le wind tunnel test was conducted to determine the 
change In airfoil performance due to a slmuleted rime ice 
shape. Author 


NB2-26229*# United Technologies Research Center. East 
Hartford, Conn. 

AN EXPERIMENTAL INVESTIGATION OF GAPWI8E 
PERIODICITY AND UNSTEADY AERODYNAMIC RESPONSE 
IN AN OSCILLATING CASCADE. 1: EXPERIMENTAL AND 
THEORETICAL RESULTS Final fteport 

Franklin 0. Carta Washington NASA Jun. 1982 103 p refs 
(Contract NAS3-22018) 

(NASA-CR-3513; NAS 1.26:3513; R81-914618-27) Avail: 
NTIS HC A06/MF A01 CSCL OlA 

Tests were conducted on a linear cascade of airfoils oscillating 
In pitch to measure the unsteady pressure response on selected 
blades along the leading edge plane of the cascade, over the 
chord of the center blade, and on the sidewall in the plane of 
the leading edge. The pressure data were reduced to Fourier 
coefficient form for direct comparison, and were also processed 
to yield integrated loads and. particularly, the aerodynamic 
damping coefficient. Results from the unsteady Verdon/Caspar 
theory for cascaded blades with nonzero thickness and camber 
were compared with the experimental measurements. The three 
primary results are: (1) from the leading edge plane blade data, 
the cascade was judged to be periodic in unsteady flow ov6r 
the range of parameters tested; (2) the Interblade phase angle 
was found to be the single most important parameter affecting 
the stability of the oscillating cascade blades; and (3) the real 
blade theory and the experiment were in excellent agreement 
for the several cases chosen for comparison. A.R.H. 


NB2*26230*# Massachusetts Inst, of Tech , Cambridge Gas 
Turbine end Plasma Dynamics Lab 

A FORTRAN FROORAM FOR CALCULATING THREE 
DIMENSIONAL.. INVISCID AND ROTATIONAL FLOWS WITH 
SHOCK WAVES IN AXIAL COMPRESSOR RUDE ROWS; 
USER S MANUAL Final Raport 

William T Thompkins, Jr Washington Jun. 1902 179 p 

refs ^ ' 

(Grant NsG-3234) 

(NASA-CH-3560; NAS 1 26:3560) Avail; NTIS 

HC A09/MF AOT CSCL OlA 

A FORTRANJV computer program was devaloptd for the 
calculation of the inviscid transonic/ supersonic flow field In a 
fu!i)r three dimensional blade pasiage of an axial compressor 
rotor or stator Rotors may have dampers (pari span shrouds). 
MacCormack's explicit time marching method is used to solve 
the unsteady Euler equations on a finite difference mesh. This 
technique captures shocks and smears them over several grid 
points Input quantities are blade row geometry, operating 
conditions and thermodynamic quanities Output quantities are 
three velocity components, density and internal energy at each 
mesh point Other flow quanities are calculated from these 
vcriables A short graphics package is included with the code, 
and may be used to display the finite difference grid, blade 
geometry and static pressure contour plots on blade to blade 
calculation surfaces or blade suction and pressure surfaces. The 
flow in a low aspect ratio transonic compressor was analyzed 
and compared with high response total pressure probe measure- 
ments and gas fluorescence static density measurements made 
in the MiT blowdown wind tunnel These comparisons «how 
that the computed flow fields accurately model the measured 
shock wave locations and overall aerodynamic performance. 

B.W. 


N82-26237*/|^ Purdue Univ , LafayiBtte. Ind. Thermal Sciences 
and Propuision Center 

THE DESIGN AND INSTRUMENTATION OF THE FURDUE 
ANNULAR CASCADE FACILITY WITH INITIAL CATA 
ACQUISITION AND ANALYSIS 

R Charles Stauter and Sanford Fleeter N^ay 1982 136 p 

refs 

(Grant NsG-3285) 

(NASA*CR*167861: NAS 1.26:167861; ME-TSPG-TR.82-1 1) 
Avail NTIS HC A07/MF A01 CSCL OlA 

Three dimensional aerodynamic data, required to validate 
and/or indicate nCfcessary refinements to inviscid and viscous 
analyses of the flow through turbomachine blade rows, are 
discussed Instrumentation and capabilities for prciissure measure- 
ment. probe insertion and traversing, and flow visualization are 
reviewed Advanced measurement techniques including Laser 
Doppler Anemometers, are considered. Data procassing is 
reviewed Predictions Were correlated with the experimental data. 
A flow Visualization technique using helium fille/i soap bubbles 
was demonstrated Author 


N82-26239*/(/ Universities Space Research Association, 
Columbia. Md 

GRID3C: COMPUTER PROGRAM FOR GENERATION OF 
C TYPE MULTILEVEL. THREE DIMENSIONAL AND SOUND- 
ARY CONFORMING PERIODIC GRIDS Final Report 

Djordje S Dulikravich Mar 1982 26 p refs 
(Contract NAS3-22532) 

(NASA-CR-167846; NAS 1 26:167846) Avail: NTIS 

HC A03/MF A01 CSCL OlA 

A fast uumputer program. GRID3C. was developed for 
accurately generating periodic, boundary conforming, three 
dimensional, consecutively refined computational grids applicable 
to realistic axial turbomachinery geometries. The method is based 
on using two functions to generate two dimensional grids on a> 
number of coaxial axisymmetric surfaces positioned between 
the centerbody and the outer radial boundary. These boundary 
fitted grids are of the C type and are characterized by quasi- 
orthogonality and geometric periodicity. The built in nonorthogonal 
coordinate stretchings and shearings cause the grid clustering in 
the regions of interest. The stretching parameters are part of 
the input to GRID3C. In its present version GRlD3C can generate 
and store a maximum of four consecutively refined three 
dimensional grids. The output grid coordinates can be calculated 
either In the Cartesian or In the cylindrical coordinate sysiem. 

Author 
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N82«28253^j|f Universities Space Hesearch Association, 

Columbia, Md 

FAST QFNERATION OF THREE«DIMENStONAt COMFUTA- 
TIONAL SOUNDAIlV-CONFORMINQ FERIODIC QfllDS OF 
C-TYFE Final Raport 

Ojordje S, Dulikravich Jun 1982 30 p refs Presented at 
Symp on Numerical Generation of Curviiiner Coordinating Systems 
and Use in Numerical Solution of Partial Differential Equations. 

Nashville. 13-16 Apr 1982 
(Contract NAS3-22632) 

(NASA-CR-1 65596. NAS 1 26:166696) Avail: NTIS 

HCA03/MFAOr CSCL 01A 

A fast computer program, GBID3C.was developed to generate 
mulliievel three dimensional, C type, pei Iodic, boundary conforming 
grids for the calculation of realistic turbomachinery and propeller 
flow fields The technique is based on two analytic functions 
that conformally map a cascade of semi-infinite slits to a cascade 
of doubly infinite strips on different Riemann sheets. Up to four 
consecutively refined three dimensional grids are automatically 
generated and permanently stored oh four different computer 
tape.v Grid nonorthogonality is introduced by a separate coordinate 
shearing and stretching performed in each of three coordinate 
directions. The grids are easily clustered c,oser to the blade 
surface, the trailing and leading edges and the hub or shroud 
regions by changing appropriate input parameters. Hub and duct 
(or outer free boundary) have different axisymmetric shapes, A 
vortex sheet of arbitrary thickness emanating smoothly from the 
blade trailing edge is generated automatically by GR1D3C, Blade 
cross sectional shape, chord length, twist angle, sweep angle, 
and dihedral angle can vary in an arbitrary smooth fashion in 
the spanwise direction S.L 


N82>29269*/{( Purdue Univ., Lafayette, Ind. School of 
Mechanical Engineering 

CALCULATION OF THE FLOW FIELD INCLUDING ROUNDA- 
RY LAYER EFFECTS FOR SUPERSONIC MIXED COMPRES- 
SION INLETS AT ANGLES OF ATrACK 

Joseph Vadyak and Joe D. Hoffman Jut. 1982 406 p refs 

(Grant NsCv3311) 

(NASA-CR-167941; NAS 1.26:167941) Avail: NTlS 

HC A18/MF ACi W'lOyA 

The flow hel'i m ^Aw#li^.TSOnlc mixed compression aircraft inlets 
at anp/^ c»f w v<uculated. A zonal modeling technique is 

amp%sd tq the solution which divides the flow field 

into dlfierenl ^/^mputational regions. The computational regions 
consist of a supersonic core flow, boundary layer flows adjacent 
to both the forebody/ centerbody and cowl contours, and flow 
in the shock wave boundary layer interaction regions. The zona! 
modeling analysis is described and some computational results 
are presented The governing equations for the supersonic core 
flow form a hyperbolic system of partial differential equations, 
The equations for the characteristic surfaces and the compatibility 
equations applicable along these surfaces are derived, The 
characteristic surfaces are the strearn surfaces, which are surfaces 
composed of streamlines, and the Wave surfaces, which are 
surfaces tangent to a Mach cpnoid. The compatibility equations 
are expressed as directional derivatives along streamlines and 
bicharacteristics, which are the lines of tangency between a wave 
surface and a Mach conoid. S.L, 


N82-32310*# Cincinnati Univ., Ohio. Dept, of Aerospace 
Engineering and Applied Mechanics. 

THREE DIMENSIONAL FLOW MEASUREMENTS IN A TURBjNE 
SCROLL 

W. Tabakoft; B. V. R. Vittal, and B, Wood Jul. 1982 55 p refs 
(Grant NAG3-26) 

(NASA-CR-i 67920; NAS 1.26:167920) Avail: NTIS 

HC A04/MF A01 CSCL 01 A 

A study was conducted to determine experimentally the flow 
behavior in combined scroll nozzle assembly of a radial inflow 
turbine. Hot film anemometry technique was used to measure the 
three dimensional flow velocity in the scroll. The through flow and 
secondary flow velocity components are measured at various points 
in three scroll sections, Author 


N82-33347*# Cessna ALcratt Co., VandsKa. Ohk), Accaaaory 
DIv, 

IMPACT OF ADVANCED PROPELLER TECHNOLOGY ON ANI- 
CRAFT/MISSION CHARACTERISTICS OF SEVERAL QENCRAL 
AVIATION AIRCRAFT Final Raport 

Ira 0. KeHer $ep. 1982 82 p refs 
(Contract NAS3-21719) 

(NASA-CR-167964; NAS 1,26:167984) Avail: NTIS 

HC A05/MF A01 CSCL 01A 

Studies of several General Aviation aircraft Indicated that the 
application of advanced technologies to General Aviation 
can reduce fuel consumption in future aircraft by a signfjlpMhl 
amount Propeller blade weight reductions achieved thread 'tlkr 
Use of composites, propeller efficiency and noise improvements 
Achieved through the use of edvaoc^ concepts and improved 
piopeiler analytical design methods result In itoeft with lower 
operating cost, acquisition cost and grots weight Author 


A82-15459 * TH« thr««>dimtntlonal boumliry ttyw on • 

rotating HHIcal blada, P. J. Morris (Pennsylvania State Unlverstty, 
University Park, PA), Journal of Fluid Mechanfes, vol. 112, Nov, 
1981, p, 283-296. 8 refs. Grant No, NsG-3265, 

The laminar boundary layer on a twisted helical blade is 
considered. The blade geometry is the same as that proposed by 
Horlock and Wordsworth (1965), However, the blade is twisted 
about the leading edge In the manner described by Miyake and Fujita 
(1974). The flow may be considered to be the analog, in a rotating 
referifne^ frame, of the flat-plate boundary layer In a stationary 
frame. It is shown that a coordinate system which Is orthogonal in 
the blade surface may be developed. With the appropriate scaling of 
the dependent variables a solution for the boundary layer flow is 
readily obtained. The systems of ordinary differential equations for 
the stream functior'* of the primary flow and the cross-flow are solved 
numericallVx G.R. 


A82-17759 * # A finite element formulation of Euler equa- 
tions for the solution of steady transonic flows. A, Ecer and H. U. 
Akay (Purdue University, Indianapolis, American Inst/tute of 
Aeronautics and Astronautics, Aerospace Sciences Meeting, 20th, 
Orlando, FL, Jan, 11-14, 1982, Paper 82-0062, 11 p. 14 refs. Grant 
No.NsG-3294. 

The main objective of the considered investigation is related to 
the development of a relaxation scheme for the analysis of inviscld, 
rotational, transonic flow problems. To formulate the equations of 
motion for tnvlscld flows In a fixed coordinate system, an Eulerian 
type variational principle Is required. The derivation of an Eulerian 
variational principle which (s employed in the finite element 
formulation is discussed. The presented numerical method describes 
the mathematical formulation and the application of a numerical 
process for the direct solution pf steady Euler equations. The 
development of the procedure as an extension of existing potential 
flow formulations provides the applicability of previous proceduies, 
e,g„ proper application of the artificial viscosity for supersonic 
elements, and the accurate modeling of the shock. G.R. 


A82-17933 * ff Characteristics of the flow in the annulus-wall 
region of an axial-flow compressor rotor blade passage. R. M. Davino 
(Pennsylvania State University, University Park, PA), American 
Institute of Aeronautics and Astronautics Aerospace Sciences Meet- 
ing, 20th, Orlando, FL, Jan. 1U14, 1982, Paper 82-0413,20 p, 32 
refs. Grant No. NsG-3212. 

Three-dimensional characteristics of the mean velocity and 
turbulence structure in the annulus-wall region of a moderately 
loaded compressor rotor have been investigated experimentally by 
employing triaxial hot-wire probes. Results are presented which 
indicate that the flow within and downstream of the rotor p?SFage Is 
highly complex due to the Interaction of the annulus-wall boundary 
layer, blade boundary layers, tip leakage flow, and passage secondary 
flow. An understanding of the reported viscous flow interactions Is 
important for establishing improved aerodynamic design criteria and 
efficiency, for predicting noise levels, and for determining the stall, 
surge, vibration, and flutter characteristics of turbomachinery, 

(Author) 
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AS2*1f391 * D <nti»r<iction of oompmior rotor bl«^ wakt 
with Moll lioufMtory l•y•r/vort•K in Iht tnd*wall ration. B. iakthmt* 
riarayani and A. Ravlndranatii (Pannsylyama Stata lUnlvarsity. 
Un|var{lty Park, PA). Am9fk9ti Sochtv of MwchanlcMl £ng^nms, 
fntornatiofuf Symposkm on Appffcsthnf of fluids Mm:h§nlu ond 
Hoot Tnmfor to fnorgy und £nvlmnnwnt»l of 

Pntr9S, Pains, Graaca, Juna S$July 3, 1981, Papar 8hGr/GT»1 , 12 
p. 11 raft. Mambers^ $2.00; nonm«mber$. $4 j 00* Grant No. 
NsG>3012. 

This pppar raports the experlniantal study of the three* 
dimantlohal characteristics of the mean velocity of the rotor 
inside the annulus* and hub-wall boundary layers. The measurements 
ware taken with a rotating three-sensor hot wire behind the rotor. 
This set of maasuremanu probably represents the first set of 
comprahn’isive measurements taken inside the annulus- and hub-wall 
boundary layers. The wake Was surveyed at several radial locations 
inside the boundary layer region and at several axial locations. 
Interaction of the wake with the annulus^wall boundary layer, 
secondary flow, tip-leakage flow, and the trailing vortex system 
results in slower decay and larger width of the wake. The presence of 
a strong vortex and its merger with the wake Is also observed. The 
end-wali bot^ndarv layers and the secondary flow were found to have 
a substantial effect On both ih^ decay characteristics and the profile 
of the Wake. These and other measurements are reported and 
interpreted in this paper. (Author) 


A82-22063 * H Effects of blade loading and rotation on 
compressor rotor wake in end wall regions. B. Lakshminarayana, T. 
R. Govindan, and B. Reynolds (Pennsylvania State University, 
University Park, PA), Awer/can Institute of Aeronautics and Astro- 
rmutlcs. Aerospace Sciences Meeting, 20th, Orlando, PL, Jan, 1 1-14, 
1982, Paper 820193, It p. 9 refs. Grant No. NsG-3012. 

This study Was carried gut to understand the effects of blade 
loading and rotation on the rotor end wall flow structure, including 
the wake. The measures., nu were taken with a stationary three 
sensor hot wire located at the exit of a compressor rotor. The signal 
was ensemble averaged to derive a|i the three components of velocity 
and SIX components of stresses at the exit. Measurements were made 
at two different rotational speeds (1753 and 1010 rpm) and at two 
differing blade loadings at several radii near the hub and the annulus 
wall. The wake decay in the annulus wall region |s found to be much 
more rapid than the mid span regions. Furthermore, both the loading 
(Mid rotation of the blade have appreciable Influence on the end wall 
flow and wake structure, interaction of the annulus and hub wall 
boundary layers (and secondary flow resulting from these) have 
appreciable influence on the Wake structure* in the endwall regions. 

(Author) 


A82-22081 * fi Aerodynamic characterittls: of airfoHt with 
ioe Mcretipni. M. B. Bragg and G. M. Gregorek (Ohio State 
University, Cotumbua, OH). American Institute of Aeronautics and 
Astronautics, Aerospace Sciences Meeting, 20th, Orlando, FL, Jan, 
11-14, 1982, Paper 62-0282 , 15 p. 19 refs. Grant No. NAG3-28. 

Results of a wind tunnel test to evaluate the performance of an 
firfoll with simulated rime ice are presented with theoretical 
comparisons. A NACA 65A413 airfoil was tested In the OSU 6 x 22 
inch Transonic Airfoil Wind tunnel at a Reynolds number near three 
million and Mach numbers from 0.20 to 0,80. The model was tested 
in four configurations to determine the aero-dynamic effects of the 
roughness and shape of a rime ice accretion. The simulated rime Ice 
shape was obtained analytically using a time-stepping dry Ice 
accretion computer code. Lift, drag, moment coefficents, and 
pressure distributions for the clean and simulated rime ice cases are 
reoorted. The measured degradation in airfoil performance Is 
compared to an analyttcal method which uses existing airfoil analysis 
computer codes with empirical corrections for the surface roughness. 
A Oliscussion of the empirical surface roughness correction and uses 
of other airfoil computer methods Is included. (Author) 


A82-26137 * Moaturement and pradiction of mean vaiodty 

and turbulence structuro in the near wake of an airfoil. C. Hah and B. 
Lakshminarayana (Pennsylvania State University, University Park, 
PA). Journal of Fluid Medianics, vol. 1 1 5, Feb. 1982, p. 251-282. 18 


isfs. Grant No. N$G-5i012. 

An experifnental Investigation of the near wake of a thin airfoil 
at various Incidence angles Is reported In this paper. The airfoil 
(NACA 0012 basic thickness form) was located In a wind tunnel, and 
the wake structuie was measured Using hot-yv|re sensors. The 
measurements of mean-yeipcity, turbulence Intensity and Rtyndds- 
stresi componentt across fhe wake at several distances downstream 
show the complex naturp of the near wake and Its asymmetrical 
behavior. The asymmetry )n the wake property, which Is maintained 
up to a length of 1.5 chords downstream of the trailing edge of the 
blade, Is dependent on the Incidence angle of the Inlet flow. The 
streamwise velocity defect In an asymmetric wake decays more 
slowly compared to that of a symmetric wake. The streamline 
curvature due to the blade loading has a substantial effect on the 
mean velocliy profile as well as the turbuience structure. The 
numerical study of the same wake Indicatef that the existing 
turbulence closure models need some modification to account for 
the asymmetric characteristics of the wake. (Author) 


A82-29003 *# Multigrid simulation of asymptotic curved- 
duct flo¥vs using a stmHmpiicIt numerical technique. K. N. GhIa, U. 
Ghia, C. T. Shin, and D. R. Reddy (Cincinnati, University, 
Cincinnati, OH). In: Computers In flow predictions and fluid 
dynamics experiments: Proceedings of the Winter Annual Meeting, 
Washington, DC, November 15-20, 1981. (A82-29001 13-02) New 
York, American Society of Mechanical Engineers, tORI^ p. 11-25. 19 
refs. Grante No. AF-AFOSR-80-0160; No. NsG-3267. 

Asymptotic flows Inside curved ducts of rectangular as well as 
polar cross section are analyzed using the Navier-Stokes equations In 
terms of the axial velocity and vorticity and the crOss-flow stream 
function. Numerical solutions of the three second-order coupled 
elliptic partial differential equations governing this flow are obtained 
efficiently using the coupled alterneting-direction implicit (ADI) 
method as well as the multigrid strongMmplicit (SI) scheme. For 
the flow configuration studied, the ADI method Is found to be more 
sensitive to the time steps used than is the S| scheme. Use of the 
multigrid-coupled-strongly-impUcit (MG-SI) scheme makes it possible 
to efficiently obtain fine-grid solutions for configurations having 
strong secondary flow. It Is shown that, for this asymptotic 
curved-duci flow, tiiC similarity parameter of significance is the 
Dean's number K rather than the Reynolds number Re. Results are 
obtained for curved ducts with square cross sections for K up to 900, 
which here corresponds to Be « 9,000 for this Internal flow 
configuration. C.R. 


A82-31933*/^ Finite volume calculation of three-dimeniional 
potential flow around a propeller. W.’H. Jou (Flow Industries, Inc., 
Kent, ^ A)* American institute of Aeronautics and Astronautics and 
American Society of Mechanical Engineers, Joint Thermophysics, 
Fluids, Plasma and Heat Transfer Conference, 3rd, St, Louis, MO, 
June 7-11, 1982, AiAA Paper 82-09S7, 7 p. 10 refs. Contrret No. 
NAS3-22148. 

The finite volume scheme of Jameson (1977) is to calculate 
potential flow around a propeller rotating at high speed. An H-type 
mesh is generated and used successfully in the calculations. A test 
calculation with a thick blade cross section shows that the present 
code is capable of computing the propeller flow at the advance Mach 
number 0.8. The possible physical mechanisms Which may play an 
important role in the propeller aerodynamics are discussed. V.L. 


A82^31939 * ^ Application of a finita element algorithm for 
the solution of steady transonic Euler equations. H. U. Akay and A. 
Ecer (Purdue University, Indianapolis, IN). American Institute of 
Aeronautics and Astronautics and American Society of Mechanical 
Engineers, Joint Thermophysics, Fluids, Plasma and Heat Transfer 
Confereno.it 3rd, St, Louis, MO, June 7-11, 1982, AiAA Paper 
«2-(W7aid p. 12 refs. Grant No. NsG-3294. 

A finite element algorithm for the solution of two-dimensional, 
steady Euler equations Is presented which, through a Clebsch-type 
transformatiGn for the velocity vector, solves the conservation of 
mass equation with one primary variable and two additional 
equations for the convection of two new variables. The accuracy and 
efficiency of this scheme is discussed, and the second-order accuracy 
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In the 8in»ly»li of thft convection of the vortIcUy 1$ 
demonstrftted together with the effldent treatment of rotatlonol and 
Irrotatlonal flow lubreglonu A lample problem 4 uted to show the 
eccuracy of the numerical scheme and Its convergence characteristics. 

O.C. 


A82'31IH7 * H ModffUng piramtier Infiuencei on MHD twltl 
combustion rsoirfe design. D. C. LI Dey (Oklahoma State UnlversUVi 
Stillwater, OKI. A. K, Gupta (MIT, Cambridge, MA), and A. A. 
Busnalna. Anmkm InstUutti of A^frmmtks and AUromnkt and 
Amarhaf) Sociaty of Mechankat SogUmrUt Joint 17wrnwf>hysks^ 
Fluids, Fiasma and Haat Tfansfar ConUranta, 3rd, St, Louis, MO, 
Juna ?*U, t9S3, AfAA Paper 82‘03S4, 10 p. 12 rets. Contract No. 
DS'OCOI^TQer-ISBia; Grant No, NAG3‘74. 

Attomion Is given to a research project which has the goal to » 
develop a two^stage slagging gnslfiencombustor In the form of a 
hlgh^IntensUy combustor^ taking Into account a suitable aerodynamic 
design of tfte second stage norzto which wd prevent the separation 
of the boundary layer as the flow turns from odal to radial direction. 
The specific objectives of the present Investigation are to tost the 
effect of various second-stage norzie goomotrlos, flow rates, swirl 
number* and dlsiributlqn In the first and second stages upon the 
corresponding flowflold In the socortd stage. Special emphasis Is given 
to the avoidance of boundary layer separatioi'» as the flow turns from 
axial to radial direction Into the MND disk generator, G.R. 


A82^31964 * # Three dimensional flow field Inside the passage 
of a low speed axjal flow compressor rotor. M, Pouagaro, K. N, S. 
Murthy* and B. Lakshminarayaria (Pennsylvania State University, 
University Park, PA). American institute of Aeronautics and Astro^ 
nmnics and Atmrkan Society of Mechanical Fnghmrt, Joint 
Thermophysks, Fluids, Plasma and Heat transfer Conference, 3rd, 
St, Louis, MO, June 7^\ 1, 1982, AlAA Paper 82^1006, 13 p. 13 lofs. 
Grartl No. NsG*3266. 

Measurements of the subsonic flow In the rotor passage of a 
single stage axial flow compressor were made to study the nature of 
the flow field and to verify the existing numerical codes. The 
Velocity and pressure fields wore measured across the entire rotor 
passage at six axial locations and at five radial locations. A flvo-hote 
probe* rotating with the rotor* was used to measure the three 
components of velocity, the static and the total pressure. The 
experimental results arc compared wUh the predictions from 
Katsanls and McNally*$ cotitputor program. The ogroomont between 
the two Is good for most of die coses. (Author) 


A82-31965 ^ If Thrat dlmanilonal turbulent boundary layer 
davelopmant on a fan rotor blade. B, Lakshmlnarayana, C. Hah* and 
T. R. Govindan (Pennsylvania State University* University Park, PA). 
American Institute of Aeronautics and Astronautics and American 
Society of Mechanicei engineers, Joint Thermophysks, Fluids, 
Plasma and Heat Transfer Conference, 3rd, St Louis, MO, June 7^11, 
1982, AlAA Paper 82^1007, 10 p. 12 mfs. Grant No. N$G-3266. 

Thiy paper Is concerned with an expcrlinontal study undortnkon 
to measure the boundary layer growth on a fan rotor blade. Ttm 
measurements were carried out using a miniature ’X^conflgurntlon 
hot wire probe at varloiis chordwlse and radial locations on both 
surfaces of the blade. The streamwiso and radial velocity profiles as 
well as the corresponding Intensity components ore Interpreted and 
correlated, The validity of conventional velocity profiles such ns the 
'law of the wall' for tbs streamwiso profile and the hodograph plot 
for the cross flow profile are examined, TIte measured values of 
boundarV'loyor gross properties are compared With the productions 
based on a momentum*intogrol technique. (Author) 


A82-3S28Q * # Throthdlmonilontl flow flold In th« tip roglon of a com* 
praator rotor paaaaga. I - M«an valocity profllaa and annulua wall boundary 

layir. B. Lakshmlnarayana, M. Pouagaro (Ponnsylvania Stato Unlvorsity, Univor* 
5lty Park, PA), and R. Davino (Gonora! Eloctric Co., Aircraft Engine Group, Evon- 
dale. OH), Ameriatn Society of Mechanical engineers, Intomatknat Gas Turbine 
Conference and B<hM, 27ifu London, £ngland Apr. td*22,1982, Paper 82'GT* 
tU 12 p. 15 refs. Mombers, $2 00; nonmomborS, $4.00. Grant No. NsQ-3212. 
A rotating throe«sonsor, tiot^wlro probo has boon usod along with rotor bindo 


static prossute moasuromonts to Invostigatp the complex inviseid and viscid 
offocts m the annulus wall fiowhoid, tnefud^g tho throe components qf moan 
velocity* turbulence intensity, and turbulence stfoss in«Ude the rotor blade pas^ 
sage. It Is found that (he tip leakage flow orlglnatos near quartor^Chord, with peak 
values occurring near mid*chord. The leakage flow, which is in the form of a jot 
within the blade row, is augmented by the blade rotation and travels further away 
from the suction surface than that observed in stationary blade rows and cas- 
cades. This leakage How tends to roll up between the mid-passage and the 
pressure surface near the tip region; the vortex formatrjh does not occur wlttiin 
the passage in this partlcuiar case V L 


A82-38281 * # Inveatigaflon of the tlp^clearapce flow Inatde and it the 
exit of a compreasor rotor paaaaga. I Mean valocHy field. A< Pandya and 
B. Lakshmlnarayana (Pennsylvania State University, University Park* PA). 
Amedcan Society of Mechanical engineers, Intemationat Gas Turbine Confer* 
once and Bthibit, 27th, London. England, Apr. 18*22, 1983, Paper d2^QT*1 2, 12 
p. 14 refs. Members, $2.00; nonmembers. $4.00. Grant No, NsG-3212. 

A stationary two-sortsor hot-wire probe has been used in combination with an 
ensemble averaging technique to measuro tho (low in the tip clearance region of 
a compressor rotor with emphasis on the leakage flow dovolopmoni inside the 
tip-cloaranco region and at tho oxtt cl the rotcr. It is found that the presence end 
Interaction ot leakage flow, annulur, bouridary layer, and the scraping vortex Is 
the dominant feature at mid-chord position. The rotation of the blade augments 
tho leakage flow, resulting in the movomonl of the loakago jot toward tho mid- 
passage. The blado-to-blado distribution ol proportios is shown to bo highly 
nonurtiform, except in tho downstream and upstream regions. V.L 


A82-35379 * # Flow dlitributioni and dltcharge coefficient etfectif for 
Jet errey impingement with Initial croaaflow, L, VV Florschuotz and Y Isoda 
(Arizona State University, Tottipo, A2). Amencan Soctoty of Mochanknf Fngu 
noers, Intomational Gas Turbine Conference nnd Bxhibit, 27th, London, Bngland, 
Apr. 18-22, 1$$2, Paper 62*GT*t56. 10 p, It rofs. Members, $2 00; nonmom- 
bors* $4.00. Grant No NsG-3075. 

Tp model tfio fmpingomont cooled mid-chord region of gas turbine airfoils in 
caaos whore on inltiaf crossflow Is prosonl, the paper prpsoms experimentally 
dotormlnod flow distributions for jot arrays with ton soanwiso rows of holes, which 
range from uniform to highly nonunifomi. Tho jot flow ^herimpingomenus com 
stroinod to exit In a single direction along the channel formed by the jot orifice 
plate and tho Impingement surface. The streamwiso distributions and crossflow 
velocities are prosontod for ratios pf tho initial crossflow rate to the total jot flow 
rate ranging from zero to unity, for crossflow to lot velocity ratios greator than 
a value somewhat loss than unity, jot onlico dischargo cpofficlonta do notromnin 
constant, but docroaso significantly, showing a secondary dopondonco on jr/d, 
whoro t IS tho channel hoight and d is the jOt hole diamotor 0 L G 


A82^35< 1 6 ♦ # Thret-dimtnilontI flow field In the lip rogloVf of a com* 

proaaor rotor paaaaga. H • Turbulanca propartlaa, B LaKshrninaroyana, M. 
Pouagaro (Pennsylvania State University, University Park, PA), and R Davino 
(Gonoral Electric Co,, Alrcralt Engine Group, Evondalo, OH) Amohean Socrefy 
of Mochnnkal engineers, intomational Gas Turbm Conference and ^iiibit, 27th, 
London, Bngland,Apn 18 •22, 1982, Paper 82^GT*234. 10 p, 0 ref s MombOfS. 
$2,00; nonmombers, $4,00, Grant No NsG-32 12. 

The turbulence proportios in the annulus wait region of an axial flow compres* 
sor rotor was measured using a triaxial, hot-wire probe rotating with the rotor Tho 
flow was survoyod across tho ontiro passage at five axial locations (leading edge. 
1/4 chord, 1/2 chord, 3/4 chord, and the training edge location) and at six redial 
locations in a low-spood comprossor rotor. The data derived include all throu^ 
components ot turbulence intensity and ihroo components of turbulonco stross 
A Comprehensive Interpretation of the data with ompnasis on features rolmod to 
rotation. leakoQo flow, annulus wall boundary layer, and blade boundary layer 
interactions Is Included, All the components of turbulent intensitios and stresses 
are found to bo high in tho loakago-llow mixing region. The radial component of 
Intonsitliiis and stresses is found to bo much hlghor than tho corresponding 
streamwiso components Tito turbulent spectra clearly reveal the decay process 
of the Inlet-QUlde-vano wako within tho rr.;tor passage. (Author) 


A02-35427 * # A study of vltcous flow In tlator and rotor pataagat. 

Y. Shooran and W, Tabakoff (Cincinnati, University, Cincinnati, OH). Arnerican 
Society of Mechanical engineers, International Gas Turbine Conference and 
exhibit, 27th, London, Bngf and, Apr, 18-22, 1 982, Paper 82-GT*248A7 p:Z\ refs. 
Members. $2.00; nonmombers, $4,00, Army-sponsorod fosoarch; Goniract No. 
NAS3-2tm 

A numerical technique to prddlcl thO viscous behavior in the threo-dirtienslonal 
domain of rotating and stationary blade passages Is prosonted. The analysis is 
based Upon tho numerical Iniogratlpn of the Incompressible Navlor-Stokes equa- 
tions. An approach Is taken to combine the three momentum equations and the 
continuity equation Into two sots of yorticity transport-siream function equations. 


Th9»« «x)u«tiori$ <ire oxpro$sQd along familios of arbitrarily defined orthogonally 
intersecting surfaces placed within the blade passage. Unlike the stream sur> 
faces, the arbitrary surfaces allow fluid td flow across. The numerical codo 
employs a nonorthogonal body fitted coordinate system on each of the intersect* 
ing surfaces. The splution process involves the iterative combination o^ the solu* 
tions on the two families oMntersocUng surfaces for a complete sfvtution. Tito 
results of (tow m thin blade stationary ond rotating polar ducts is prosontodv 

(Author) 


AS2<!S4$t * # Aerodynamic damping maaaurementa in a tranionfc 
compresior,. E F Crawley (MIT^ Cambridne MA). Amoricm Soo*oty of Mo- 
\JianlcM Bnginoors, IntomationM Ga$ TurbkiO Conforohco an<f BxhibiU Lon- 

don, Bngfand,Apr. 1B*22, 1dS2,PapofB2-GT-2$T. 12p. 16 refs. Members, $2, OOj 
nonmombors, $4 00 Grant No NsG*3079. 

A method has boon developed and demonstrated for the direct moasuromont 
of aerodynamic damping in a transonic compressor Tho nrvr;fnod Is based on the 
inverse solution of the structural dynamic equations of motion of the b1ade*disk 
system. The equations are solved Inversely to determine the forces acting on the 
system. If tho structural dynamic equations are transformed to muttiblade or 
modal coordinates, the damping can bo measured for blade-disH modes, and 
related to a reduced frequency and Intorfalado phase angle. This method of 
damping dotormfnatlon was demonstrated using a specially Instriimonted version 
of the MIT Transonic Comprd.ssof run In the MIT Blowdown Compressor Tost 
Pacility. No rogions of aoroolnstlo instability wore found, In runs at the operating 
point, the rotor was aorodynamically oxcited by a controlled twO'por*revolutjon 
fixed up‘Stroam disturbance, The disturbance was sharply terminated midway 
through the tost Analysis of tho datain terms of muttiblado modes ledto adiroct 
moasuromont of norodynamic damping for throe inlerblado phaso onglos. 

(Aulhor) 


AS2-3S460 * # ln-plan« Inertial coupling in tuned end aeverely mla- 
tuned bleded dyeke, E P. Crnwloy (MIT, Cambridgo, MA). Anmricnn Sodot/cf 
Msthaniaat Bngfnoots, IntomotionM Gas Turbfno Contofonco and Exhibit, 
London, Bngtand, Apr. 16-22, 1982, Paper 82-GT-2B8. 3 p. 8 refs. Members, 
$2.00^ nonmombors, $4 do Griml No N&Q*3Q7fl 
A model has boon doyolopod and vorlfiod for blado*disk-shaft Coupling in rotors 
duo to tho in-plano rigid body modos of the disk. An analytic model has boon 
dovolopod which couplos the In-plano rigid body modes of the disk on an otaslkj 
shaft With tho blade bonding modos, Bench resonance tost wore carrlod out on 
tho MiT Compressor Rotor, typical of research rotors with flexible blades and 
a thick rl ;|id disk Wfton the rotor was carofulty tunod, the structural coupling of 
tho blades by tho disks svas confinod to zoro and ono nodaVdlameter modos, 
whoso modal froquonclos woro groator than tho blade cantllov# froquoncy. Ir^ 
tho caso of tho tuned rotor, and In two casos whore sovoro mlstunlng was 
intonlionally introducod, agroomoni beiwoon iho prodicted and obsorvod r^aiural 
froquonclos is oxcoi|or\t, Tho analytic model was Ihon oxtondod to inc?udo tho 
oKocls of constant angular rotation of tho dish. (Author) 


A82-36571 * # Rapid •pproximete determlnetlon of nonllneer aolutlono 

* Application to aerodynamic flows and dealgn/optimizatlon probiema, S 

n Stahara (Nielsen Gnginooring and Rosonrch, Inc , Mountain Vlow, GA). Int 
Transonic aorcdynamicsi Transonic Porspoctivo Symposium, Molfott Plold, CA, 
February 1 0-20, 1901 , Tochnlcal Papers (A82-366S3 IT-02) Now York, Amorim 
can lnstlluto of Aoronoutics and Astronautics, 1902, p. 637‘ 661 . 16 rofs. Ooritradt 
No NAS3>20836. 

Stahara ot i\l (1978) have consldorod tho uso of an approximation tochnlquo 
which employs two or more notillnoar base solutions dQiiprtr»lncd by tho full 
computational method to predict ontirq lamilf^s of roiaicd r\oril(naar solutions. Tho 
prosont invostigatipn provldos results for several applications of that method 
which domonstrato both Its accuracy and Us utility for engineering appricatiohs, 
Attention is givon to tho porturbation cortcoptand methods, aspects of coordinate 
straining, aspects of analytical formulation, and an nppUcation to surface proper 
tigs. In a discussion of tho rosuUs, slnglo and multipto poramoior porturbations are 
consldorod cteng with a combination of tho oppro'dmation mothod w^th optimiza* 
lion procodurqs, Tho results show that It is posslblo to combine In certain ensos 
largo savings in computational cost with improvod optimization G R. 


AI2-377t1 * # Inveetlgetlon of rotetlonet trenspnlc flows through 
ducte ueing e finite element echeme. H. U, Akay end A. Hcor (Purdue Untvor- 
sity, Indianapolis, IN). AIAA,^Au\ and ASMS, JoInlPropulsMConforenco, tBth, 
CiGveland, OH, June 21*23, 1962, AIAA Paper B2-126T, 8 p. 5 rots, Grant No. 
NsQ-3294. 

An application of the finlto element method Is presented In order to study the 
flow through a two-dimensional channel Including the choked and nearJy^diqked 
flow conditions. The mathematical procodure provldos a combined troatmonl ot 
potential and Euler equations, where the steady Euler equations are solved 
through the Integration of a pseudo-tlmo system which Is Qoulvalont to a rolaxa* 


tlon scheme; tho lientropic, potential flow equations are embedded in this formu* 
laiipn. To analyze the traniorilc flov^ through a channel with noar^choked llovr 
condiVons, the flow tfirough a parallel ctmnnel with a 1 0 percent circular arc bump 
is calculated as a sample problem. C A 


Aa2*3763S * Two dIfiMHiatofiel atagnatlon point flow of a dualy gaa 
near an oacHlatlny; plate. J. Pornandez do ia Mora (Yale University. Now Haven. 
CT). Acfa Mechanica, vol. 43, no. 3-4, 1962, p. 261*265, It refs, Grant No. 
NsG-3107. 

Necessary improvements to c paper on the How of a dusty gas by Datta and 
MIshra (1900) are presented. Particular attention Is given to the Importance of 
particle phase conipressibinty and the hyperbolic nature of the particle mornen* 
turn conservation equation which prohibits downstream (wall) boundary condi- 
tions for the solid phase Fundamental differences between particulate and 
ordinary flow boundary layers are discussed, and the correct conservation equa- 
tions are writton. CR, 


Ai2-3793i * # *CoHoHa reionance* wHhIn a rotating duct. M. Kuroaaka 

and J, E. Caruthers (Tennessee, University, Tullahoma, TN), AIAA Journal, yol 
20, Aug. 1 902, p. 1 1 48-t 1 50. Grant No. NAG3-86. 

An investigation of the unsteady disturbances of a fixed frequency within a 
radial duct rotating at a set speed is presented, The flow is assumed to be 
compressible, inviscid, and of a fluid which is a perfect gas, Equations are dove)* 
oped (or the steady and the unsteady parts of the flow in cylindrical cotHdinatoo. 
Tho unsteady rtiaturbancos are expressed by Fourier decomposition in angular 
position, distanco Into tho duct, and in tirnb, i\ Is found that a resonance is possible 
when tho frequency of (low disturbances (s twice the shaU-rotatlon frequoncy, 
considoring only the radial and tangential disturbances and not the radial and 
circumferential disturbances. The particular point at which the resonance occurs 
indicates tho occurrence is due to the Cciiolls force, which Is only present In the 
radial and tangential directions. It Is noted that the Coriolis force can only be 
prosont In opon-ondod ducts, such as those found In bontrifugal compressors. 

M.S-K. 


A6241 267 * Solutloo of the unsteady aubeontc thin atrfoll problem. 

hi H. Willloms (Purdue University, West Lafayeue, IN). QuartaHy Joumai of 
Mec^rao/cs arxy Applied Malbamatlcs, vol, 35, Aug. 1902, p, 367-390. 16 refs. 
Grant No. NaG-3292. 

Tho problem of a thin nirfoll subject to simple harmonic disturbances in a 
uniform subsonic free stream is solved by extension of a technique developed 
earlier for a stationary strip vibniUng in a uniform fluid. Explicit expressions are 
given for the ii/t and momont, acoustic directivity pattern, and total acoustic power 
for arbitmry upwt^sh and, in psertlcular, fcritie ’elementary ditJturbances’: plunge, 
pitch and a stationary transverse gust. Numerical results for a simple skewed 
gust are presented and compared to tho hlgh-fffe\tM©ncy' asymptotic theory of 
Martinez and WIdnall. (Author) 
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03 AIR TRANSPORTAtlOK AND SAFETY 

(ncludtt pamngtf and cargo ak transport oparatloni; 
and aircraft accidantt, 

For r^Matad Information aaa also 16 Spm TNm$poriatk>n 
and dB i/dmn T0chnohgy ^nd 7Y»nipOfUitky% 


haimd aviuation for tach of tht thrtt fu«i« uodtr four crash 
Fcanarlos a comprahansiva ravlaw and analysit and an idantiftca«^ 
lion of araas furthar davalopinant workv Tha conchiaion waa 
that lha crash fira hazards ara not sloniflcanliv diffarant \K?han 
compared In oanaral for lha ihraa luils, aiihough aoma fuala 
shav.^ minor advantaoaa in ona raapact or anolhar- 


Ni2*2114t*| National AaronaMhes and Space Administration 
lewis Besearch Cemer. Cleveiaml. Ohio 

NASA/UWIt neSCAflCH CENTEfl ICtNQ nCtiABCH 
PROGRAM 

Peppy I Ivanich M NASA Mafshall Space Flight Canter 
Pmc 6th Ann Worksliop on Meteorol and Environ Inputs to 
Aviation Systems Dec t981 p 04*76 {For primary document see 
N82*2n30 12«0U 

Avail NTIS HCA07/^:FA01 CSCl OtC 
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Nt2«302t7*| National Aeronautics and Space Administration, 
lewis Research Center* Cleveland* Ohio 
AIRCRAFT ICING RESEARCH AT NASA 
J. J. Reinmanm R d Shaw, and W. A Olsen, Jr 1982 17 p 
tefs Presented at the 1st Intern Workshop on Atmospheric 
Icing of Struct , Hanover, N H , 1*3 Jun 1982 
{NASA^TM*82919; E*1307i NAS 1 16 82919) Avail NTIS 
HC A02/MF A01 CSCl 01C 

Research activity is described for. Ice protection systems, 
icing mstfumematlon, eaperlmental metliods. analytical modeling 
for the above, and in flight research, the renewed interest In 
aircraft Icing has come about because of the new need for 
AlUWeather Hellcopterii and GenersI Aviation aircraft Because 
of Increased fuel costs, tomorrow's Commercial Transpert aircraft 
will also require new types of Ice protectioir systems and better 
estimates ot the aeropenaliles caused by ice on unprotected 
surfaces The physics of aircraft icing Is very similar to the Icing 
(hat occurs gn ground structures and structures at sea; all involve 
droplets that freeze on the surfaces because of the cold al,\ 
Therefore all Icing research groups yylH benefit greatly by sharing 
their research (nformation Author 



Ni2*10021*| Kansas Univ Center tor ResearclK Inc , Lawrence 
Flight Research Ub 

ICING TUNNEL TE&T OF A QLYCOt*EXUDING POROUG 
LEADING EDGE ICE PROTECTION EV STEM ON A GENERAL 
AVIATION AIRFOIL Final Report 

David L Kohiman, William G Schweikhard, and Alan B Albilght 
Sep 1981 37 p refs 
(Grant NAG3*71I 

(NASA*CR*166444; KU«FRb464*D Avail: NTIS 

HC A03/MF A01 CSCL QIC 

Test results shovv that the »Y»i«m is vmy offoctivo in 
preventing (co accroiion (anthice mode) or removing ice (tom 
an airfoil Minimum glycol (low rales required (or anhicing are a 
(unction of velocity, liquid water content In the air, ambient 
temperature, and droplet sire Urge ico caps were removed in 
only a few minutes using antHce (low rates, with tho shed 
time being a (unctlort of the type of Ice. sire of the ice cap, 
angle of attack, and glycol (low rate Wake surveys measurements 
show that no significant drag penalty Is associated with the 
installation or operation of the system tested TM 


NG2^1«19B*| Uule (Arthur 0 ), Inc , Cambridge, Mass 
an ASSESSMENT OF THE CRASH FIRE HAZARD OF 
LIQUID NVDROQEN FUELED AIRCRAFT Final Report 
Feb 1982 132 p re(s 
(Contract NAS3*22482) 

(NASA*CR* 166626, ADl*86161) Avail: NTIS 

HCA07/MFA01 CSCL QIC 

The crash (Ire hiiards of liquid hydrogen fueled aircraU 
relative to those of mission equivalent aircraft fueled either with 
I conyentlonai fuel or with liquefied methane were evaluated. The 

i aircraft evaluated were based on Lockheed Corporation design 

i for 400 passenger, Mach 0 86, 6600 n mile aircraft. Four crash 

5 scenarios Were considered ranging from a minor Incident causing 

i some loss of fuel system integrity to a catastrophic crash; 

I Major tasks included a review of hazardous properties of the 

I alternate fuels and of historic trash fire data; a comparative 



Q5 AIRCRAFT DESIGN, TESTING AND 
PERFpRMANCE 

InciiKtos aircraft simulation technology. 

For related information see also 18 Spacecmtt Oesign, 
Testing and Performance and 39 Structural Mechanics, 


NS2>11063*jf National Aeronautics and Space Administration. 
Lewis Research Center, Cieveland, Ohio. 

SELECTED SIBLIOORAPHY OF NACA-NASA AIKCRAFT 
ICING PUBLICATIONS 

John J Reinmann, comp Aug. 1981 127 p 
(NASA-TM.81661; E-668) Avail: NTIS HC E15/MF A01 CSCL 
01C 

A summary of NACA^NASA Icing research from 1940 to 
1962 is presented. It includes: the mam results of the NACA 
icing program from 1940 to 1950; a selected bibliography of 
132 NACA«NASA aircraft icing publications; a techniccl summary 
of each document cited in the selected bibliography; and a 
microfiche copy of each document cited fn the selected 
bibliography T,M. 


A82>17894 * # The NASA MERIT program • Developing new 
concepts for accurate flight planning. R. Steinberg {NASA, Lewis 
Research Center, Cleveland, OYi) , American tnntitute of Aeronautics 
and Astronautics^ Aerospace Sciences Meeting, 20th, Orlando, PL, 
Jan, t P 14, 1382, Paper 82-0340. 6 p. 

It is noted that the rising cost of aviation fuel has necessitated 
thtr development of a new approach to upfier air forecasting for flight 
planning. It is shown that the spatial resolution of the present 
weather forecast models used fn fully automated computer flight 
planning Is an important accuracv’limitlng factor, and It Is proposed 
that man be put back Into the system, although not In the way he 
has been used In the past, A new approach Is proposed which uses 
the application of man-computer interactive display techniques to 
upper air forecasting to retain the fine scale features of the 
atmosphere inherent In the present data base in order to provide a 
more accurate and cost effective flight plan. It Is pointed out that, as 
a result of NASA research, the hardware required for this approach 
already exists. C.R. 


A82* 28322 Performance degradation of propeller/rotor 

systoms due to rime Ice accretion. K. D. Korkan (Texas A & M 
University, College Station, TX), L. Dadone (Boeing Vertol Co., 
Philadelphia, PA), and R. J. Shaw (NASA, Lewis Research Centefr 
Cleveland, OH). American institute of Aeronautics and Astronautics, 
Aerospace Sciences Meeting, 20th, Orfando, FL, Jan, 11-14, 1982, 
Paper 82-0286, 14 p. Grants No. NAG3-109; No. NAG3-242, 

A theoretical model has been establ|r,hed which Is applicable to 
both propeller and helicopter systems that determines the effect of 
rime Ice accretion on the thrust coefficient, power coefficient, and 
efficiency as a function of time In a natural Icing condition. 
Theoretical comparisons have been made with experimentally deter- 
mined decrease In propeller thrust coefficient and efficiency for five 
natural Icing Conditions with good agreement. The present analytical 
model Is also applicable to the helicopter case, where the method 
predicts radial and azimuthal rotor blade ice shapes in addition to 
torque rise as a function of time in a natural Icing condition. 

(Author) 


Lewia Icing research tunnel using a composita porous Itadlng 
•dge panals. Tha data obtalnad wera comparad with tha 
parformance of previously tested stainless steel leading <sfga 
with thr^ sama gaomatry. Rasults show: (1| antl*ice protactibn 
of a composite leading edge is possible for all tha simulated 
conditions tested; (2) the glycol flow rates required to achieve 
anti-ice protection were generally much higher than those required 
for a stainless steel penei; (3) the low reservoir bretsures of 
the glycol during test runs Indicates that more uniform distribu* 
tion of glycol, and tharafora lower glycol flow rates, can probably 
be achieved by decreasing the porosity of the panel; and (4) 
significant weight sayings can be achieved in fluid Ice protection 
systems with composite porous leading edges. The resistance of 
composite panels to abrasion and erosion must yet be determined 
before they can be incorporated in production systams. A.R.H. 


N82-33375*# Douglas Aircraft Co., Inc., Long f:each, Calif. 

ADVANCED TURBOPROP TESTBED SYSTEMS STUDY Final 
Raport 

I. M. Goldsmith Jul. 1962 255 p refs 
(Com act NAS3-22347) 

(NASA-CR-167895; NAS 1.26:167895; ACEE-22-FR-1699A) Avail: 
NTIS HC A12/MF A01 CSCLOlC 

The proof of concept, feasibility, and verification of the 
advanced prop fan and of the Integrated advanced prop fan aircraft 
are established. The use of e)dstlng hardware is compatible with 
having a successfully expedited testbed ready for flight. A prop 
fan testbed aircraft is definitely feasible and necessary for 
verification of prop fan/prpp fan aircraft integrity. The Allison T701 
is most suitable as a propulsor and modification of existing engine 
and propeller controls are adequate for the testbed. The airframer 
Is consider^ the logical overall systems integrator of the testbed 
program. S.L, 


A82-27098 * if Mathtmalical modeling of Ice accratlon on 

■irfoili. C. D, Mac Arthur, J. L. Keller, and J. K. Luers (Dayton, 
University, Dayton, OH). American Institute of Aeronautics and 
Astronautics, Aerospace Sciences Meeting, 20th, Orlando, FL Jan. 
1 1-14, 1982, Paper 82-0284, 1 8 p, 8 refs. Grant No. NAG3-65. ^ 

The progress toward development of a computer model suitable 
for predicting Icing behavior on airfoils over a wide range of 
environmental conditions and clrfoils shapes Is reported. The 
LIEWtCE program was formulated to solve a set of equatlonswhlch 
describe the physical processes which occur during accretion of Ice 
on an airfoil. Including heat transfer In a time dependent mode, with 
the restriction that the flow must be describable by a two- 
dimensional flow code. Input data comprises the cloud liquid water 
content, mean droplet diameter, ambient air temperaturev atr 
velocity, and relative humidity, A potential floWfleld around the 
airfoil is calculated, along with the droplet trajectories within the 
flowfieid, followed by local values of water droplet collection 
efficiency at the Impact points. Both glaze and rime ice Condltiorr 
are reproduced, and comparisons with test results on Icing of circular 
cylinders showed good agreement with the physical situation. M.S.K, 
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N82-11062*jf Kansas Univ. Center for Research. Inc,, Lawrence. 
Flight Research Lab. 

ICING TUNNEL TESTS OF A COMPOSITE POROUS 
UADINO EDGE FOR USE WITH A LIQUID ANTMCE 
SYSTEM 

David L Kohiman Sep. 1981 21 p refs 
(Gram NAG3-71) 

INASA-CR- 164966; KU-FRL-464-3) Avail: NTIS 

HC A02/MF A01 CSCL 01C 

The efficacy of liquid tee protection systems which distribute 
a glycol-water solution onto leading edge surfaces through a 
porous skin was demonstrated in tests conducted in the NASA 
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06 AIRCRAFT INSTRUMENTATION 

Includos cockpit and cabin display devicos; and flight 
instruments. 

For related information see also 19 Spac&crMft Instru- 
mentation and 35 Instrumentation and Photography. 


NS2-23241*]|f National Aeronautics and Space Administration, 
lewis Research Center. Cleveland, Ohio, 

NA6A/HAA ADVANCED ROTORCRAFT TECHNOLOQY 
AND TILT ROTOR WORKSHOP. VOLUME 6: PROPULSION 
SESSION 

19SO 211 p Workshop held at Palo Alto. Calif., 3-5 Dec, 

10SO 

tNASA-TM-84207: NAS 1,15:84207) Avail: NTIS 

HC A10/MF A01 CSCL01C 

The expressed needs and priorities of the civil helicopter 
users, the existing research efforts, and technologY requirements 
as perceived by leading airframe and engine manufacturers were 
addressed, compared, end evaluated. Specifically, the obsen/atlons 
and conclusions of these areas as they relate to the helicopter 
propulsion system are reported Author 


A82-37691 * # Optical tip cfearanco sensor for aircraft engine con- 
trols. G. L, Poppel (General Electric Co.. Aircraft Engine Business Group. Cincin- 
nati, OH), D. T» F» Marpio (General Electric Co., Schenectady, NY), and R, J, 
Baumbick (NASA, Lewis Research Center, Cleveland, OH). A/AA, SAE, and 
ASMS, Joint Propulsion Conferenco, (8th, Cleveland, OH, June Zi 23, 1982, 
AIAA Paper 62’113U 9 p. Contract No. NAS3-21843. 

Aircraft gas turbine performance and efficiency are related to airfoil tip clear- 
ance, The possibility has been considered to obtain optimum performance and 
efficiency by reducing clearance to a safemlnimum with the aid of a closed-loop 
tip clearance control system, which utilizes a tip clearance sensor. The use of 
optical sensing methods appears to represent a potential solution to the tip 
clearance measurement problem, Principles of sensor operation are discussed 
along with dimensional considerations arid diffraction limitations. A description is 
presented of the study of the feasibility of a certain sensor, taking Into account 
the test rig system, the optical components, and the mounting tube. Attention Is 
also given to the operation of the feasibility-study sensor, performance estima- 
tions, the optical fiber bundle, light beam refraction, and aspects of aircraft engine 
implementation. G.R. 


07 AIRCRAFT PROPULSION AND 
POWER 

Includes pfime propulsion systems and systems compo- 
nents, e.g., gas turbine engines and compressors; and 
on-board auxiliary power plants for aircraft. 

For related Information see also 20 Sp§C€Cmtt Propulshn 
and Power, 28 Propellants and Fuels, ar>d 44 Energy 
Production and Conversion, 


Na2-13143*| National Aeroncutics ^nd Space Administration. 
Lewis Research Center. Cleveland, Ohio 

EFFECT OF FUEL-AIR-RATIO NONUNIFORMITY ON 
EMISSIONS OF NITROGEN OXIDES 

Valerie J, Lyons Nov. 1981 14 p refs 

(NASA-TP-1798; E-648) Avail: NTIS HC A02/MF AOl CSCL 

21E 

The inlet fuet-air ratio nonuniformity Is studied to deterine 
how nitrogen oxide (NOx) emissions are affected An increase 
in NOx emissions with increased fuel-air ratio nonuniformity for 
average equivalence ratios less than 0.7 and a decrease in NOx 
emissions for average equivalence ratios near stoichiometric Is 
predicted. The degree of uniformityy of fuel-air ratio profiles that 
is necessary to achieve NOx emissions goals for actual engines 
that use lean, premixed, prevaporized combustion systems is 
determined. SX. 


N82-13144^| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

A REAL TIME PEGASUS PROPULSION SYSTEM MODEL 
FOR V8TOL PILOTED SIMULATION EVALUATION 

James R, Mihaloew, Stephen P. Roth (Pratt and Whitney Aircraft 
Group, West Palm Beach. Fla,), and Robert Creekmore (Pratt 
and Whitney Aircraft Group, West Palm Beach. Fla.) 1981 
18 p refs presented at VSTOL Conf , Palo A!tP. Calif.* 7-9 Dec. 
1981; sponsored by AIAA and NASA. Ames Research Center 
(NASA-TM-82770; E-1004: AIAA-81-2663) Avail: NTIS 
HC Ab2/MF AOl CSCL 21 E 

A real time propulsion system modeling technique suitable 
for use in man-in-the-loop simulator studies was developed. This 
technique provides the system accuracy, stability, and transient 
response required for integrated aircraft and propulsion control 
system studies. A Pegasus-Harrier propulsion system was selected 
as a baseline for developing mathematical modeling and simulation 
techniques for VSTOL. Initially, static and dynamic propulsion 
system characteristics were modeled in detail to form a 
nonlinear aerothermodynamic digital computer simulation of a 
Pegasus engine. From this high fidelity simulation, a real time 
propulsion model was formulated by applying a piece-wise linear 
state variable methodology. A hydromechanical and vyater injection 
control system vvas also sj^'iulated. The real time dynamic model 
includes the detail and fie^ibility required for the evaluation of 
critical control parameters a id propulsion component limits over 
a limited flight envelope. The model was programmed for 
Interfacing with a Harrier aircraft simulation. Typical propulsion 
system simulation results are presented. M.D.K. 


N82-1 3146^/1^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

NASA RESEARCH IN AIRCRAFT PROPULSION 
Milton A. Beheim 1982 17 p Proposed for presentation at 

the 27th Ann. Intern. Gas Turbine Conf., London. 18-22 Apr. 
1982; sponsored by ASM E 

(NASA-TM-027/1: E-1096) Avail; NTIS HC A02/MF AOl 
CSCL 21 E 

A broad overview of the scope of research presently being 
supported by NASA in aircraft propulsion is presented with 
emphasis on Lewis Research Center activities related to civil air 
transports. CTOL and V/STOL systems. Aircraft systems work is 
performed to identify the requirements for the propulsion system 
that enhance the mission capabilities of the aircraft. This important 
source of Innovation and creativity drives the direction of 
propulsion research. In a companion effort, component research 
of a generic nature is performed to provide a better basis for 
design and provides an evolutionary process for technological 
growth that increases the capabilities of all types of aircraft. 
Both are important. A.R.H 


NS2-140S0*| National Aeronautics and Space Administration. 
Lewie Research Center. Qeveland. Ohio. 

(HAS TURBINE CERAMtC-COATED-VANE CONCERT WITH 
0^ NVECnON-COOUD POROUS METAL CORE 
Albert F. Kescak (AVRADCOM Research end Technology Labs.. 
Ctcvelend), Ojrt H. Uebert. Robert F. Handschuh. end Lawrence 
P. Ludwig Dec. 1981 14 p reft Sponsored In pert by U.S. 
Army Aviation Research end Develop merit Command. St. Louis 
(NASA-TP-1942; AVRADC0M-TR-81-C-7rE-732) Avail; NTIS 
HC A02/MF AOl CSCL 21 E 

Analysis end flow expefiments on a ceramic-costed -porous- 
rnetel vane concept indicated the feesibiKty. from s heat transfer 
etandpoint. of oporatirtg a high'temperature (2500 F) gas 
turbine cascade facility. The heat transfer and pressure drop 
celcutetions provided a basis for selecting the ceramic layer 
thickness (to 0.08 in.), which was found to be the dominant 
factor in the overall heat transfer coefficient. Also an epproximete 
entlyaie of the heat transfer in the vane trailing edge revealed 
that with traiiing-edge ejection the ceramic thickness could be 
reduced to (0,01 In.) In this portion pf the yene. B.W. 


NS2-14094^| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THE USE OF OPTIMIZATION TECHNIQUES TO DESIGN 
CONTRpLLED DIFFUSION COMPRESSOR BLADING 

Nelson L. Sanger 1982 18 p refs Proposed for presentation 
at the 27th Ann. Intern. Ges Turbine Conf,; London, Apr. 18-22, 
1982; sporaored by ASME 

(NASA-TLT 82763; E-1084) Avail; NTIS HC A02/MF AOl 
CSCL 21 E 

A method for automating compressor blade design using 
numerical optimization, and applied to the design of a controlled 
diffusion stator blade row is presented. A general purpose 
optimization procedure is employed, based on conjugate direc- 
tions for locally unconstrained problems end on feesible directions 
for locally constrained problems. Coupled to the optimizer Is an 
analysis package consisting of three analysis programs which 
calculate blade geometry^ mviscld flow, and blade surface boundary 
layers. The optimizing concepts end eelection of deeign objective 
end constraints are described. The procedure for automating the 
design of a two dimensional btede ecctkm it diecuesed. end 
design results are presented. E.A.K. 


N82-1 6039*1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

COMPUTER PROGRAM FOR AERODYNAMIC AND 
BLADING DESIGN OF MULTISTAGE AXIAL-FLOW COM- 
PRESSORS 

James E. Crouse and William T. Gorrell Dec. 1981 105 p 

refs Prepared In cooperation with Army Aviation Research and 
Development Command. St. Louts. Mo. 

(NASA-TP-1946; AVRADCOM-TR-80-C-2 1 ; E-280) Avail; 
NTIS HC A06/MF AOl CSCL 21 E 

A code for computing the aerodynamic design of a multistage 
axle I- flow compressor and. if desired, the associated blading 
geometry input for internal flow analysis codes is presented. 
Compressible flow, which is assumed to be steady end axlsym- 
metric. is the basis for a two-dimensional solution in the meridional 
plane with viscous effects modeled by pressure loss coefficients 
and boundary layer blockage. The radial equation of motion end 
the continuity equation are solved with the streamline curvature 
method on calculation stations outside the blade rows. The annulus 
profile, mess flow, pressure ratio, and rotative speed are input. 
A number of other input parameters specify and control the 
blade row aerodynamic^ end geometry. In particular, blade 
element centerlines and thicknesses can be specified with fourth 
degree polynomials for two segments. The output includes a 
detailed aerodynamic solution and, if desired, blading coordinates 
that can be used for internal flow analysis codec. Author 


N82-16040*/jf National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

EFFECT OF FUEL INJECTOR TYPE ON PERFORMANCE AND 
EMISSIONS OF REVERSE-FLOW COMBUSTOR 

Carl T. Norgren and Stephen M. Riddlebsugh Dec. 1981 40 p 
refs 

(NASA-TP-1945; E-556) Avail; NTIS HC A03/MF AOl CSCL 
21E 
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The combustion process in a reverse*flow combustor suitable 
for a smalt gas turbine engine was investigated to evaluate ^a 
effect of fuel in|ector type on performance and emissions. Fuel 
injector configurations using presture*atomiiingi spllhflow* air 
blast, and air*assist techniques were compared and evaluated 
on the basis of performance obtained In a full-scale eKpUrimen* 
tal combustor operated at inlet conditions corresponding to takeoff, 
cruise, low power, and idle and typical of a 16:1*pre88urt«raiio 
turbine engine. Major differencas in combustor parformanca and 
emissions charactaristict wara axperlancad with tach injector 
type even though the aerodynamic configuration was common 
to most combustor mcdats Parformanca characteristics obtained 
With the verious fuel injector types could not have been predicted 
from bench-test injector spray charactarlstics. Tha affact of tha 
number of oparDling fuel injectors on performance and amistiont 
IS also presented Author 


Ntt2-15041*j)f National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

INTERACTIVE-QflAPHIC FLOWPATH PlOTTINO FOH 
TUAIINE ENGINES 

Robert R Corban Nov- 1981 51 p refs 

INASA4M^82756; E.1074) Avail; NTIS HC A04/MF A01 

CSCL21E 

An engine cycle program capable of simulating the design 
and off*design performance of arbitrary turbine engines, and a 
computer code which, when used In conjunction with the cycle 
code, can predict the weight of the engines are described, A 
graphics subroutine Was added to the code to enable the engineer 
to visualize the designed engine with more clarity by producing 
an overall view of the designed engine for output on a graphics 
device using IBM^370 graphics subroutines. In addition, with 
the engine drawn on a graphics screen, the program allows for 
the interactive user to make changes to the inputs to the code 
for the engine to be redrawn and reweighed. These improve- 
ments allow better use of the code In conjunction with the 
engine program T.M. 


N82-16084*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 
NASA RESEARCH ACTIVITIES IN AEROPROPULSION 
John F. McCarthy, Jr and Richard J. Weber 1982 30 p refs 
Prosonted at the 24th Ann Conf on Aviation Siid Astronautics, 
Tel Aviv, Israel, 17*18 Fob 1982 

(NASA-TM*82788; E-1113) Avail; NTIS HC A03/MF A01 
CSCL21E 

NASA is responsible for advancing technologies related to 
oir transportation A sampling of the work at NASA's Lewis 
Resoarch Center aimed at improved aircraft propulsion systems 
is described. Particularly stressed are efforts related to reduced 
noise and fuel consumption of subsonic transports, Generic work 
in specific disciplines are reviewed including computational 
analysis, materials, structures, controls, diagnostics, alternative 
‘fuels, and high-speed propellers Prospects for variable cycle 
engines are also discussed. Author 


N82-1 8222*1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohic*. 

EFFECTS OF FAN INLET TEMPERATURE DISTURBANCES 
ON THE STABILITY OF A TURBOFAN ENGINE 

Mahmood Abdelwahab Dec. 1981 3i1 p refs 
(NASA-TM-82699: E-982) Avail; NTiS HC A03/MF A01 CSCL 
21E 

The effects of steady-state and limc^dependent fan inlet 
total temperature disturbances on the stability of a TF30-P-3 
turbofan engine were determined. Disturbances were induced 
by a gasaous-hydrogen-fueied burner system installed upstream 
of the fan inlet. Data were obtained at a fan inlet Reynolds 
number Index of 0,50 and at a tow-prassure-rotor corrected speed 
of 90 percent of military spaed, All tests were conducted wUh 
a 90 dag extant of the fan Inlet circumference exposed to 
above-average temperatures. T.M. 


NB2*1S146*| National Atronautics and Space Administration, 
lewis Research Center, Oevalarid^ Ohio. 

ENGINE TECHNOLOGY 

Anthony C Hoffman in NAfiA. langL y Rtstarch Cantar Eloo. 
Flight Systems Fab 1982 p 235-240 (For primary document 
see N82«19134 10-01) 

Avail; NTIS HC A12/MF A01 CSCL 21E 


NB2-1S22C*| National Aeronautics and Space Administration. 
Lewis Research Cantar. Clavaland, Ohio. 

DILUTION JET BEHAVIOR IN THE TURN SECTION OF A 
REVERSE FLOW COMBUSTER 

Steven M, Riddiebaugh, Abraham Upshiu (Ahuza, Haifa, Israst), 
and Isaac G rebel \Cas# Western Rtserva Un|v„ Ctayaland, Ohio) 
Jan. 1982 16 p refs Presented at the 20th Aerospace ScL 
Meeting, Orlando. Fla.. 10-14 Jan. 1982; sponsored by AIAA 
{NASA-TM-82776; E-1107; AIAA-82.0192) Aveil; NTIS 
HC A02/MF AOt CSCL 21E 

Measurements of the temperature field produced by a single 
jet and a row of dilution jets Issued into a reverse flow combustor 
are presented, The temperature measurements are presented in 
the form of consecutive normalized temperature profiles, and jet 
trajectories. Single jet trajectories were swept toward the Inner 
wall of the turn, whether injection Was from the inner or outer 
wall This behavior is explained by the radially inward velocity 
component necessary to support irrotatlonal flow through the 
turn Comparison between experimemat results and modal 
calculations showed poor agree rnent due to the tnoders not 
including the radial velocity component. A widely spaced row of 
jets produced trajectories similar to single jets at eimilar test 
conditions, but as Spacing ratio was reduced, penetration was 
reduced to the point whore the dilution jet flow attached to the 
wall. Author 


N82-19222*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

PERFORMANCE OF SINGLE-STAGE AXIAL-FLOW TRAN. 
SONIC COMPRESSOR WITH ROTOR AND STATOR ASPECT 
RATIOS OF 1.63 AND 1.7S. RESPECTIVELY. AND WITH 
DESIGN PRESSURE RATIO OF 1.S2 

Royce D. Moore and Lonnie Reid Feb, 1982 112 p refs 
(NASA-TP-1974; E-259) Avail: NTIS HC A06/MF A01 CSCL 
21E 

The overall and blade- element performonce of a transonic 
compressor stage is presented over the stable operating flow 
range for speeds from 50 to 1 00 percent of design. The stage 
was designed for a pressure ratio of 182 at a flow 20.2 kg/sec 
and a tip speed of 455 m/sec. At design speed the stage 
achieved a peak efficiency of 0.821 at a pressure ratio of 1.817. 
The stoge stall margin at design speed based on conditions at 
stall and peak efficiency was about 1 1 percent. Author 


NS2-211S4*| National Aeronautics and Space Administration 
Lewis Research Ce^te^ Cleveland, Ohio 
PRELIMINARY RESULTS ON PERFORMANCE TESTING OF 
A TURSOCHARGCD ROTARY COMBUSTION ENGINE 
P, R. Meng, W. J, Rice, H. J. Schock, and D. P Pringle 1982 
24 p refs Presented at the 1982 Soc. of Automotive Engrs 
Intern. Congr. and Exposition, Detroit, 22-26 Feb. 1982 
(NASA-TM-82772; E-1097; NAS 1 15;827721 Avail: NTIS 
HC A02/MF A01 CSCL 21 E 

The performance of a turbocharged rotary engine at power 
levels above 75 kW (100 hp) Was studied. A twin rotor 
turbocharged Mazda engine was tested at speeds of 3000 to 
6000 rpm and boost pressures to 7 psi. The NASA developed 
combustion diagnostic instrumentation was used to quantify 
Indicated and pumping mean effect pressures, peak pressure, 
and face to face variability on a cycle by cycle basis, Results of 
this testing showed that a 5tip0 rpm a 36 percent increase In 
power was obtained by operating the engine in the turbocharged 
configuration. When operating with lean carburetor jets at 105 hp 
(78.3 kW) and 4000 rpm, a brake specific fuel consumption of 
0 45 Ibm/lb-hr was measured. B,W, 
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Nt2*2119ft*| National Aeronauticc and Spaca Adminitlratlon. 
Uwis Rttaarch Canter, Cleveland, Ohio. 

ANAtYTICAt INVESTIGATION OF NONNCCOVEIlASLi 
STALL 

Uon M, Wenzel and William M- Bruton Feb, 1982 23 p 

refi 

(NASA«TM*82792; £*1126; NAS 1,15:82792) Avail: NTIS 
HC A02/MF A01 CSCL 21E 

A lumped parameter model of the TF34 engine Is formulated 
to study nonrecoverabte st^!} Featii^'es of the model Include 
forward and reverse flow, radial flow In the fan, and variable 
corrected speed. The purpose of the study Is to point out those 
parameters to which recoverability Is highly sensitive but are 
not well known. Experimental research may then be directed 
toward Identification of the parameters in that category. 
Compressor performance In the positive flow region and radial 
flow in the fan are shown to be important but unknown parameters 
determining recoverability. Other parameters such as compressor 
performance during reverse flow and In •stall efficiency have 
relatively small Impact on recoverability. Author 


N82-22282*lif National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THE ROLE OF MODERN CONTROLTHEORY IN THE DESIGN 
OF CONTROLS FOR AIRCRAFT TURSINE ENGINES 
J. Zeller, 8. Lahtinen, and W, Merrill 1982 17 p refs Presented 
at 12th Aerospace Set. Conf., Orlendo. Fli., 11*14 Jen, 1982i 
tponsored by AIAA 

(NASA-TM*B2eiBt E-1162; NAS 1.16:82815) Avail: NTIS 
HC A02/MF A01 C5CL 21E 

Accomplishments In applying Modern Control Thaory to the 
design of controls for advanced aircraft turbine engines were 
reviewed. The results of successful research programs are 
discussed. Ongoing programs as well as plannad or racom mended 
future thrusta are also discussed. Author 


N82-22268*/|l NationsI Aeronautics and Spaca Administration. 
Lewis Research Cantor, Cleveland. Ohio. 

8TRUCTURAL DYNAMICS OF 8HROUDUSS, HOLLOW 
FAN RLADES WITH COMPOSITE IN-LAYS 

R. A, Aiello, M. S. Hirachbaln, and C. C. Chamia 1982 12 p 
raft Presented at the 27th Ann. Intern. Gaa Turbina Conf., 
London, 18-22 Apr. 1982; sponsored by ASME 
(NASA-TM-82816; E-1163; NAS 1.15:82818) Av&il: NTIS 
HC A02/MF A01 CSCL 21E 

Structural and dynamic anaiysas are presented for a 
shroudless, hollow titanium fan blade proposed for future use In 
aircraft turbine anginas. The blade was modeled and analyzed 
using the composite blade atructural analysis computer program; 
(COBSTRAN); an integrated program consisting of mesh 
generators, composite mechanics codes, NASTRAN, and pre- 
and post-processors. Vibration and impact analyses are presented. 
The vibration analysis was conducted with COBSTRAN. Results 
show the effect of the centrifugal force field on frequencies, 
twist, and blade camber. Bird impact analysis was performed 
with the multi- mode blade impact computer program. This program 
uses the geometric model and modal analysis from the COBSTRAN 
vibration analysis to determine the gross impact response of 
the fan blades to bird strikes. The structural performance of this 
blade is also comparad to a blade of similar design but with 
composite in-lays on the outer surface. Results show that the 
composite In-tays can be caiacted (designed) to tubatantially 
modify the mechanical performance of the shroudless, hollow 
fan blade. Author 


N82-22269*'j|f National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

PERFORMANCE OF SINGLE-STAGE AXIAL-FLOW TRAN- 
SONIC COMPRESSOR WITH ROTOR AND STATOR ASPECT 
RATIOS OF 1.63 AND 1.77, RESPECTIVELY, AND WITH 
DESIQN PRESSURE RATIO OF 2.05 
Royca D. Moore and Lonnie ^eid Apr. 1982 116 p refs 
(NASA-TP-2001; E-334; NAS 1.60:2001) Avail; NTIS 
HC A06/MF A01 CSCL 21 E 

The overall and blade-eiement performance of a transonic 
compressor stage is presented over the stable operating range 
for apeeds from 50 to 100 percent of doetgn. The stage was 
daaig^ for a pressure ratio of 2.05 at a flow of 20.2 kg/sec 
and a tip speed of 455 m/sec. At design speed the rotor end 


•taoe achieved peak affC;;ianciea of 0,849 and 0.83 reapecltvely# 
at the minimum flow condition. The stage atall point occurred 
at a flow higher than the design flow. Author 


M2-24201*/|( National Aeronautics and Space Administration. 
Lewis Rasaarch Centar, Clevaland, Ohio, 

A PIECEWISE UNEAR STATE VARIARLE TECHNIQUE FOR 
REAL TIME PROPULSION SYSTEM SIMULATION 
James R. Mlhaloew and Stephen P. Roth (Pran and Whitney 
Aircraft Group. Wan Palm Batch, Fla.) 1982 18 p raft 

Preeentad at the 13th Ann, Pittsburgh Conf. on Modelling and 
Simulation, Pittsburgh, 22-23 Apr. 1982: sponsored by IEEE, 
ISA, SCS and SMCS 

(NASA-TM-82851: E-1210: NAS 1,15:82851) Avail: NTIS 
HC A02/MF A01 CSCL 21 E 

The amphasis on increasad aircraft and propulsion control 
aystam integration and piloted simulation has craatad a naed 
for highar fidelity real time dynamic propulsion rriodelB. A raal 
time propulsion system modaling tachnlqua which satisfies this 
need and which provides the cspabiiities needed to evaluate 
propulsion system performance and aircraft syatem Interaction 
on manned flight simulators was developed and demonstrated 
using flight simulator facilities at NASA Amts. A piecewise linear 
state variable technique Is used. This technique provides the 
system accuracy, stability and transient responae required for 
intagratad aircraft and propulsion control system studies. The 
real time dynamic model Includea the detail and flaxibitity required 
for the evaluation of critical control parameters and propulsion 
component limits over a limited flight anvetope, The model contains 
approximately 7,0 K bytes of in-line computational co<to and 
14.7 K of block data, It has an 8.9 ms cycle time on a )0irox 
Sigma 9 computer. A Pegasus-Harrier propulsion system was 
used as a baseline for developing the mathematical modeling 
and simulation technique. A hydromechanical aruJ water in|«ctlon 
control system was also simulated. The model was programmed 
for interfacing with a Harrier aircraft simulation at NASA Ames. 
Descriptions of the real time methodology and model capabili- 
tlts are presented. Author 


NB2-24203*lif National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland. Ohio. 

FUTURE PROPULSION OPPORTUNITIES FOR COMMUTER 
AIRPLANES 

William C. Strack Washington 1982 24 p refs Presented 
at the Commuter Airlines Meeting, Savannah. 24-26 May 1982; 
sponsored by the Society of Automotive Engineers 
(NASA-TM-82880; E-1266; NAS 1.15:82880) Avail: NTIS 
HC A02/MF A01 CSCL 21E 

Commuter airplane propulsion opportunities are summanzed. 
Consideration is given to advanced technology conventional 
turboprop engines, advanced propellers, and several unconven- 
tional aitemativas: regenerative turboprops, rotaries, and diesels, 
Advanced versions of conventional turboprops (including propel- 
lers) offer 15-20 percent savings in fuel and 10-15 percent in 
DOC compared to the new crop of 1500-2000 SHP engines 
currently In development. Unconventional engines could boost 
the fuel savings to 30-40 percent. The conclusion is that eeveral 
important opportunities exist and, therefore, powerplant technol- 
ogy need not plateau. Author 


N82-26260*|{( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

8TQSTK: A COMPUTER CODE FOR PREDICTING 

MULTISTAGE AXIAL FLOW COMPRESSOR PERFORMANCE 
RY A MEANLINE STAGE STACKING METHOD 
Ronald J. Steinke May 1582 65 p refs 
(NASA-TP-2020: E-551: NAS 1.60:2020) Avail: NTIS 
HC A04/MF A01 CSCL 21 E 

A FORTRAN computer code is presented for off-design 
performance prediction of axial-flow compressors. . Stage and 
compressor performance is obtained by a stage-stacking method 
that uses representative velocity diagrams at rotor inlet and outlet 
rneanline radii, The code has options for: (1) direct user input 
or calculation of nondimensional stage characteristics; 
(2) adjustment of stage characteristics for off-design speed and 
blade setting angle: (3) adiustment of rotor deviation angle for 
off-design conditions; and (4) SI or U.S. customary units. 
Correlations from experimental date are used to model real flow 
conditions. Calculations are compared with experimenter data. 
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Nt2*2B26S*| Nttionvl Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 
iXHAUST CMitSIONS SURVEY OF A TURSOFAN ENGINE 
FOR FLAME HOLDER SWIRL TYFE AUQMENTORS AT 
SIMULATED ALTITUDE FLIGHT CONDITIONS 
John E, Moss. Jr. Oct. 1961 47 p refs 
{NASA-TM.827a7j E-955i NAS t 16 827871 Avail; NTIS 
HC A03/MF A01 CSCL 21E 

Emissions of carbon dioxide, total oxides of nitrogen, 
unburned hydrocarbons, and carbon monoxide from an 
FIDO afterburning two spool turbofan engine at simulated flight 
conditions are reponed Tests were run at Mach 0.8 at altitudes 
of 10.97 and 13 71 km {36.000 and 45,000 ft), and at Mech 
1 2 at 13.71 km {45,000 ft). Emission measurements were made 
from intermediate power (nonafterburning) through maximum 
afterburning, using a single point gas sample probe traversed 
across the horizontal diameter of the exhaust nozzle. The data 
show that emissiof)$ vary with flight spaed, altitude, power level, 
and radial position across the nozzle. Carbon monoxide emissions 
were low for intermediate and partial afterburning power. 
Unburned hydrocarbons were near zero for most of the simulat'.id 
flight conditions. At maximum afterburning, there were regions 
of NOx deficiency in regions of high CO. The results suggest 
that the low NOx levels observed in the tests are a result of 
interaction with high CO in the thermal converter. C02 emissions 
were proportional to local fuel air ratio for all test conditions, 

T.M. 


N82»26293* National Aeronautics and Space Administration 
lewis Research Center. Cleveland. Ohio 

THRUST REVERSER FOR A LONG DUCT FAN ENGINE 
Patent 

Everett A Johnston {GE. Cincinnati) and Edward W ftyan. 
inventors (to NASA) (GE. Cincinnati) Issued 14 Jul 1991 9 p 
Filed 30 Mar 1979 

(NASA^Case-LEW"1 3199*1. US-Patent-4.278,220. 
US‘Patent.ApphSN»02530l. US«Patom*Class*244*1 lOB; 
US*Patent'ClasS‘60*226A) Avail US Patent and Trademark 
Office CSCL21E 

A bypass duct outer cowl includes a fixed cascade disposed 
between axially spaced fixed cowl portions and a translatable 
cowl sleeve and blocker doors movably disposed on the respective 
radially outer and inner sides of the cascade Actuation and 
linkage structure located entirely within the outer cowl provides 
for selectively moving the cowl sleeve rearwardly and rotating 
the blocker doors to a position across the bypass duct to cause 
the fan airflow to pass through the cascade in a thrust reversing 
manner Official Gazette of the U S Patent and Trademark Office 


N62*26294^^ National Aeronautics and Space Administration 
Lewis Research Center. Cleveland, Ohio 

REALTIME PRESSURE SIGNAL SYSTEM FOR A ROTARY 
ENGINE Patont Application 

William J Rice, inventor (to NASA) Filed 19 Feb 1982 21 p 
(NASA-Case-LEW-1 3622-1. US-Patent-Appl*SN*350473) Avail: 
NTIS HC A02/MF A01 CSCL 21E 

Apparatus for developing a signal which is a composite of 
the pressures four different points in the chamber of a rotary 
type engine is disclosed The composite signal can be read by 
an IMEP meter or displayed on an oscilloscope The physical 
arrangement of a Wankel engine and the correlation embodying 
the invention is shown. The profile of the inner surface of a 
Wankel engine housing and the profile of a three lobed rotor 
together with the positions of the transducers are also shown 
The timing diagrams depicting the active regions of the transducers 
and timing stgnals used in the correlator circuitry are illustrated 

SL 


N82-26297^jJ/ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

DEVELOPMENT POTENTIAL OF INTERMITTENT COMBUS- 
T!ON (I.C.) AIRCRAFT ENGINES FOR COMMUTER TRANS- 
(>ORT APPLICATIONS 

L“dward A. Willis 1982 31 p lufs presented at the Commuter 
Airlines and Operations Meeting. Savannah. 23-24 May 1982 
{NASA-TM-82869; E-1221; NAS 1 15:82869) Avail; NTIS 
HC A03/MF A01 CSCL 21 E 

An update on general aviation (g/a) and commuter aircraft 
propulsion research effort is reviewed. The following topics are 
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discussed on several advanced intermitfent combustion engines 
emphasizing lightweight diesels and rotary stratified charge 
engines The current state*of*the*art is evaluated for iighliweighL 
aircraft suitable versions of each engine This information is used 
to protect the engine characteristics that can be expected on 
near-term and long-term time horizons The key enabling 
technology requirements are identified for each engine on the 
long-term time horizon E A K 


N82-26298*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio 

PROPULSION OPPORTUNITIES FOR FUTURE COMMUTER 
AIRCRAFT 

William C Strack 1982 27 p refs Presented at 18th Joint 
Propulsion Conf . Cleveland. 21*23 Jun 1982; tiponsored by 
AIAA. SAE and ASME 

(NASA*TM*8291B; E-1304; NAS 1.16:82915) Avail; NTIS 
HC A03/MF A01 CSCL 21 E 

Circa 1990 propulsion improvement concepts are discussed 
for 1000 to 5000 SHP conventional turboprop powerplants 
including engines, gearboxes, and propellers Cycle selection, 
power plant configurations and advanced technology elements 
are defined and evaluated using average stage length DOC for 
commuter aircraft as the primary merit criterion B.W 


N82-26299*jl|f National Ae/onautics and Space Administration 
Lewis Research Center. Cleveland, Ohio, 

COMPARISON OF EXPf^RIMENTAL AND ANALYTICAL 
PERFORMANCE FOR CONTOURED END WALL STATORS 

Robert J Boyle and Jeffrey E Haas (Army Aviation Research 
and Development Commend, Cleveland) 1982 15 p refs 

Presented at Eighteenth Joint Propulsion Conf.. Cleveland. 
21*23 Jun 1982, sponsored by AIAA, SAE and ASME 
(NASA-TM-82877; NAS 1.15:82877. 

AVRADCOM-TR-82-C-12) Avail; NT|S HC A02/MF AOl CSCL 
21E 

Comparisons between predicted and experimental stator 
losses showed that the analysis was able to predict the change 
in stator loss when contoured ondwalls with highly three 
dimensional passage geometry were used. The level of loss was 
predicted to within 75 percent of that measured The predicted 
loss was due only to profile loss and boundary layer growth on 
the endwalls. The 25 percent difference was approximately 0 015 
at design pressure ratio. The analysis was shown to predict the 
trend in stator flow angle, even for small stator geometries. 

Author 


N82-26300*){i National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

NASA RESEARCH IN SUPERSONIC PROPULSION: A 

DECADE OF PROGRESS 

L. H. Fishbach, L E Stitt, J. R. Stone, and J. B. Whitlow. Jr. 
1982 40 p refs Presented at 18th Joint Pr( pulsion Conf. 

Cleveland. 21-23 Jun. 1982; sponsored by AIAA. SAE and 
ASME 

(NASA-TM-82862: NAS 1,15:82862) Avail; NTIS 

HC A03/MF AOl CSCL 21 E 

A second generation, economically viable, ^nd environmentally 
acceptable supersonic aircraft is reviewed. Engine selection, 
testbed experiments, and noise reduction research are de- 
scribed. Author 


N82-27311*||( National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio, 

QCSEE UNDER-THE-WING ENGINE ACOUSTIC DATA 
Harry E. Bloomer and Nick E, Samapich May 1982 28 p 

refs 

(NASA-TM-82691: E-972; NAS 1.15:82691) Avail: NTIS 
HC A03/MF AOl CSCL 21 E 

Both an over-lhe-wlng (OTW) and an undar-lhe-wing (UTW) 
experimental engine are discussed. The UTW engine had a 
veriabie-geometry fan exhaust nozzle and a variable-pitch fen 
that provided quick-reaponae reverse thrust capability. An 
automatic digital control enabled optimal engine operation under 
all steady-atrrte conditions as well as during forward and reverie 
thrust tranf/ent operation. The engine was tastad at the Engine 
Noise Test Facility alone and with wind and Rap segments to 
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ttmuiitt an fnstaltation on a $hort*hau( transport aircraft* Tfia 
r’/nglna acoustic configuration was variad to gWa 14 fast 
configuratk>n|* Alt of tha acoustic fast rasults from tha UTW 
program aV Lawls ara prasantad as 1/3'Octava-band sound 
prassura taval (SPU tabulations for ail of tha last points and 
soma narrow*band spactra and 1/3^octava-band data plots for 
saiactad conditions. T.M. 


N82-29324*# National Aeronautics and Space Administration. 
Lewis Research Center* CIrtreland, Ohio 
QCSEE OVER^THE WiNG ENGINE ACOUSTIC DATA 
Harry E Bloomer and Irvin J. Loeffler May 1982 28 p refs 
(NASA-TM-82708, E-990* NAS 1.15 82708) Avail: NTIS 
HC A03/MF AOl CSCL 21E 

The over the wing (OTW) Quiet* Clean, Short Haul Experimen- 
tal Engine (QCSEE) was tested at the NASA Lewis Engine Noise 
Test Facility A boilerplate (nonflight weight), high throat Mach 
number, acoustically treated inlet and a 0 shaped OTW exhaust 
nozzle with variable position side doors were used In the tests 
along with wmg and flap segments to simulate an installation 
on a short haul transport aircraft. All of the acoustic test data 
from 10 configurations are documented in tabular form. Some 
selected narrowband and 1/3 octave band plots of sound pressure 
level are prosenied Author 


N82-31329*f^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

VENTURI NOZZLE EFIf^i^CTS ON FUEL DROP SIZE AND NITRO- 
GEN OXIDE EMISSIONS 
Susan M. Johnson Aug. 1982 17 p refs 
(NASA-TP-2028; E-1029; NAS 1.60:2028) AvaiJ: NTIS 

HCA02/MFA01 CSCL 21 E 

The effect of a venturi nozzle on the Sauter mean diameter 
of a water spray produced by a simplex pressure atomizing injector 
in a swirling airflow was determined. A Malvern particle and droplet 
size distribution analyzer, Type S.T. 1800, was used to measure 
D sub 32 of the water sprays. The water spray was studied at 
ambient temperature (293 K) and atmospheric pressure. The venturi 
reduced D sub 32 by an average of 30 percent when installed 
with a simplex Injector and air swirter. The venturi primarily 
Improved atomization of the Injector spray by increasing relative 
air velocity. The small drop size enhanc^ vaporization and 
therefore decreased oxides of nitrogen in a combustor. The 
decrease in drop size provided by the addition of a venturi 
explains the results obtained In a previous small scale research 
combustor wherein NOx emission Indices decreased as a result 
of this hardware modification. S.L. 


N82-32366* National Aeronautics and Space Administration* Lewis 
Research Center, Cleveland, Ohio. 

ACTIVE CLEARANCE CONTROL SYSTEM FOR A im- 
BOMACHINE Patent 

Richard P. Johnston, Malcolm H. Knapp, and Charles E. Cpulson., 
Inventors (to NASA) Issued 11 May 1982 6 p Filed 25 Jul. 
1979 

(NASA-Case-LEW-1 2938-1; US-PatenM.329,114; 
US-Patent-Appl-SN‘060449; US-Patent-Class-41 5-1 45; 
US-Patent-Class.41 5-1 78; US-Patent-C!ass-60-726; 
US-Patent-Class-6Q-39.29; US-Patent-Class-60-39.07) Avail: US 
Patent and Trademark Office CSCL 21 E 

An axial compressor Is provided with a cooling air manifold 
surrounding a po;4ion of the shroud, and means for bleeding air 
from the compressor to the manifold for selectively flowing it in a 
modulating mariner axially along the outer side of the stator/shroud 
to cool and shrink it during steady state operating conditions so 
as to obtain minimum shroud/rotor clearance conditions. Provi- 
sion Is also made to selectively divert the flow of cooling air from 
the manifold during transient periods of operation so as to alter 
the thermal growth or shrink rate of the stator/shroud and result 
in adequate clearance with the compressor rotor. 

Official Gazette of the U.S, Patent and Trademark Office 


Ni2-333$9*# National Aeronautlu and Space Adminictratk>n, 
Lewis Research Center, Cleveland, Ohk>. 

ROTOB TIP CUEARANCE EFFECTS ON OVCRAU AND BLADE* 
ELEMENT PERFORMANCE OF AXIAL-FLO\4 TRANSONIC FAN 
STAGE 

Royce P. Moore Sep* 1982 87 p refs 

(NASa-TP- 2049; E-559; NAS 1.60:2049) Avail: NTIS 

HC A05/MF A01 CSCL 21 E 

The effects of tip clearance on the overall and biaol^-element 
performance of an axial-flow transonic fan stage are preaeTited* 
The 50-centimeter-diameter fan was tested at four tip ciearancea 
(nonrotating) from 0*061 to 0.178 centimeter* The calculated redial 
WrowtH of the blades was 0.040 centimeter at design comiltiona* 
The decrease In overall stage performance with Increaalng 
ciearanca Is attributed to the loss In rotor performance* For the 
rotor the r^ffects of clearance on performance parameten extended 
to about 70 percent of blade span from the tip. The etege •till 
marglr^ baaed on an aaaumed orating Una decreeaed from 15*3 
to 0 percent the clearance Increeaed from 0.061 to 0*176 
centimeter. Author 


A82-10952 ^ If Thermal and flow analyiit of a convection, 
air-cooled ceramic coated porous maul concept for turbine vanes. F. 

S* Stepka (NASA, Lewis Research Center, Cleveland, OH), Amerfcan 
Society of Mechanical engineers and American Institute of Chemical 
Engineers, National Heat Transfer Conference, 20th, Milwaukee, Wi, 
Aug, 2-5, 1981, A:>ME Paper 8hHT‘43 , 7 p. 9 refs. Members, $2.00; 
nonmembers, $4,00* 

Analysis wa^ made of the heat transfer and pressure drop 
through turbine vines made of a sintered, porous metal coated vvlth a 
thin layer of ceramic and convection cooled by spanwise flow of 
cooling air. The analysis was made to determine the feasibility of 
using this concept for cooling very small turbines, primarily forshort 
duration applications such as In missile engines. The analysis was 
mads for gss conditions of approximately 10 and 40 atm and 1644 1> 
and with turbine vanes made of felt-type porous metals widi relative 
densities from 0.2 and 0.6 and ceramic coating thicknesses of O.OTo 
to 0.254 mm. {Author) 


A82-19214 * # Comparison of two paralkl/series flow turbo- 
fan propulsion concepts for supersonic V/STOL. R. W. LuidOt * G. 
E. Turney, and J. Allen (NASA, Lewis Research Center, Clevelau 
OH). American Institute of Aeronautics and Astronautics and NASA 
Ames Research Center, V/STOL Conference, Palo Alto, CA, Dec, 
7-9, 1981, AtAA Paper 81-2637 . 15 p. 5 refs. 

The thrust, specific fuel consumption, and relative merits of tho 
tandem fan and the dual reverse flow front fan propulsion systems 
for a supersonic V/STOL aircraft are discussed. Consideration is 
given to: fan pressure ratio, fan air burning, and variable core 
supercharging. The special propulsion system components required 
are described, narnely: the reflecting front Inlet/nozzle, the aft 
subsonic Inlet, the reverse pitch fan, the variable core supercharger 
and the low pressure forward burner. The potential benefits for these 
unconventional systems are Indicated. (Author) 


A82-19221 * if A real time Pegasus propulsion system model 
for VS70L piloted simulation evaluation. J. R. Mihaloew (NASA, 
Lewis Research Center, Cleveland, OH), S. P. Roth, and R. 
Creekmore (United Technologies Corp., Government Products DIv., 
West Palm Beach, FL). American Institute of Aeronautics and 
Astronautics and NASA Ames Research Center, V/STOL Confer- 
ence, Palo Alto, CA, Dec, 7-9, 1981, AtAA Paper 81-2663, 18 p. 6 
refs. 

A Pegasus-Harrier propulsion system is selected as a baseline for 
developing mathematical modeling and simulation techniques for 
ySTOL. Initially, static and dynamic propulsion system character- 
istic are modeled in detail to form a nonlinear aerothermodynamic 
digital computer simulation of a Pegasus engine. From this high 
fidelity simulation, a real-time propulsion model is formulated by 
applying a piecewise linear state variable methodology. A hydro- 


20 


ORIGINAL PAGE IS 
OF POOR QUALITY 


imchanical and water infection control system li also $lmuUted/ltl$ 
noted that the reahtlme dynamic model Includes the detail and 
flexibility rettuired for evaluating critical control parameters and 
propulsion component limits oyer a limited flight envelope, C,R» 


A82«19337 * # AtroelMtic characttrlitloi of a ceecadt of 
mlituntd blades In lubsonfc and tuptraonic flows, R, E. Klelb 
(NASA, l,ewls Research Center, Structure Dynamics Section, 
Cleveland, pH) and K* R. V, Ka?a (NASA, Lewis Research Center, 
Cleveland; Toledo, University, Toledo, OH), AnmlcMn Sockty of 
Mechankat Bng^naen^ Design Bttglneerfng Technical Confeirence, 
Hartford, CT, Sept 2023, mt, Paper 81-DBT.122, 12 p, 10 refs. 
Members, $2.00; nonmembers, $4.00, 

An Investigation of the effects of mistunfng on flutter and 
forced response of a cascade In subsonic and supersonic flows 1$ 
presented. The aerodynamic and structural coupling betvyean the 
bonding and torsional motions and the aerodynamic coupling 
between the blades are Included. It Is shown that frequency 
mistuning always has a beneficial effect on flutter. Additionally, the 
results Indicate that frequency mistuning may have either a beneficial 
or an adverse effect on forced response, depending on the engine 
order of the excitation and Mach number, (Author) 


A32*20291 * U Dilution jet behavior in the turn section of a 
reverse flow combustor, S. M. Rlddlobaugh (NASA, Lewis Research 
Cemof, Cleveland, OH), I. Greber (Case Western Reserve University, 
Cleveland, ONI, and A. Llpshitz. Ame/'/can Institute of Aeronautics 
and Astronautics, Aerospace Sciences Meeting, 20th, Orlando, fi, 
Jan. tUl 4, 1982, Paper 82-01 92,A3p, 

Measurements of the temperature field produced by a single jet 
and a row of dilution jets issued into a reverse flovy combustor are 
presented. The temperature measurements are presented In the form 
of consecutive normalized temperature profiles, and jet trajectories, 
Single jet trajectories were swept toward the inner wall of the turn, 
whether injection was from the Inner or outer wall, Thh behavior Is 
explained by the radially inward velocity component necessary to 
support Irrotational flow through the turn. Comparison between 
experimental results and model calculations showed poor agreement 
due to the moders not Including the radial velocity component, A 
widely spaced row of jets produced trajectories similar to single jots 
at similar test cc^^ditions, but as spacing ratio was reduced, 
penetration was reduced to the point where the dilution jet flow 
attached to the wall. (Author) 


A02'34981 * # Turbine blade nonlinear structural and life enalyale, B. 

McKnight, J. H. Lnflen (General Eloclric Co,, Cincinnati, OH), G. R. Halford, and 
A. Kaufman (NASA, Lewis Research Cnnfef, Cleveland, OH). AIAA, SAB, and 
ASMS, Joint Propulsion Conference, Cleveland, OH, June 21-23, 1982, 
AIAA Paper 8 1056. 9 p. 9 refs. 

The utility of advanced structural analysis and liie prediction techniques was 
evaluated for the life assessment of a commercia:l air-cooled turbine blade with 
a history of tip cracking. Three dimensional, iionlinear finite element structural 
analyses were performed for the blade tip region. The computed strain-tempera- 
ture history of the critical location was Imposed on a uniaxial strain controlled test 
specimen to evaluate the validity of the structural analysis method. Experimental 
results Indicated higher peak stresses and greater stress relaxation than the 
analytical predictions. Life predictions using the Strainrange Partitioning and Fre- 
quency Modified approaches predicted 1200 to 4420 cycles and 2700 cycles to 
crack initiation, respeclively, compared to an observed life of 3000 cycles, 

(Author) 


AB2-34992 * # Experimental study of the effects of secondary Sir ^ 
the emissions and stability of s Issn premixed combustor* G. Roffe, R. S. 
V Raman (General Applied Science Laboratories. Inc., Westbury, NY),and C. J. 
Marek (NASA, Lewis Research Center, Cleveland, OH). AIAA, SAB, andASMB, 
Joint Propulsion Conference, 18th, Cleveland, OH, June 2U23, 1982, AIAA Pa- 
per 82H072. 10 p. 7 refs. NASA-supported research. 

A study of the effects of secondary air addition on the stability and emissions 
of a gas turbine combustor has been performed. Tests were conducted with two 
types of fiamebolders and varying amounts of dilution air addition. Results Indi- 
cate that Nd(x) decreases with increasing dilution air Injection, whereas CO Is 
Independent of the amount of dilution air and is related to the gas temperature 
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near the walls* The axial location of the dilution air addition has no effect on (he 
performance or stability* Results also Mcato that the amount of i<econdary air 
entrained by the llameholder recirculation zone Is dependent on the amount of 
dilution air and f lameholder geometry (Author) 


AI2-34MS * # Advancementa In real-tjme engifre »xlmulatton tech- 
nology. J, R. Szuch (NASA, Lewis Research Center, Cleveland, OH). AIAA, 
SAB, and ASMB, Joint Propulsion Conferenco, 16th, Cfev0l0id, OH, Juno 21 •23, 
1982, AIAA Papet 82-i075. 9 p.2\ tots. 

(Previously announced in STAR as N82-22916) 


AS2-34tM * # NASA Broad Speciflcalton tV^buatton Tech- 
nology program - Pratt end Whitney Aircraft Pheee I reiiiilta end etetue* R. 

p. Lphmann (United Technologies Corp,, Commefd?,l Products Dlv., East Hart- 
ford. CT) and J* $, Fear (NASA, Lewis Research Center* Aerothermodynamics 
and Fuel Div., Cleveland. OH). AIAA, SAB, and ASMB, Joint Propulsion Confer- 
ence, 18th, Cleveland, OH, June 2 1 -23, 1982, AM A Paper 82- 1 088 . 1 2 p. 1 1 refs. 

In connection with increases In (he cost of fuels and the reduced availability of 
high quality petroleum cnide, a modification of (pel specifications has been con- 
sidered to allow acceptance of poorer quality fuels* To obtain the Information 
upon which a selection of appropriate fuels fqr aircraft can be based, the Broad 
Specification Fuels Combustion Technology program was formulated by NASA. 
A description Is presented of program-related investigations conducted by an 
American aerospace company. The specific objective of Phase 1 of this program 
has been to evaluate the Impact of the use of broadened properties fuels on 
combustor design through comprehensive combustor rig testing. Attention Is 
glyon to combustor concepts, experimental evaluation, results obtained with sin- 
gle stage combustors, the stage combustor concept, and the capability of a 
variable geometry combustor, G,R. 


A82-35000 * # NASA/Genara* Electric broed-ipecificatlon fuele com- 
buetlon technology pibgram Phiee I reaulta and atatua. W. J* Dodds, E. E. 
Eksii)dt. D. W. Baht (General EiOetne Co., Aifcfan Engine Business Group, 
cinnati, OH), and J, S. Fear (NASA, Lewis Research Center* Cleveland, OH). 
AIAA, SAB, and AS^iB, Joint Propulsion Con ference, 18th, Cleveland, OH, June 
21-23, 1982, AIAA Paper 82^1089 . 12 p. 14 refs, 

A program Is being conducted to develop the technology required to utilize 
fuels with broadened properties In aircraft gas turbine engines. The first phase 
of this program consisted of the experimental evaluation of three different com- 
bustor concepts to determine their potential for meeting several specific emis- 
sions and pedormance goals, when operated on broadened property fuels. The 
three concepts were a single annular combustor; a double annular combustor: 
and a short single annular combustor with variable geometry* All of these con- 
cepts were sized for the General Electric CF6-80 engine. A total of 24 different 
configurotlons of these concepts were evaluated In a high pressure test facility, 
using four test fuels having hydrogen contents between 11.6 and 14®^. Fuel 
effects on combustor performance, durability and omissions, and combustor 
design features to offset these effects were demonstrated. (Author) 


A82-35017 * # In-flight acouatic rasulta from an advancad-doalgn pro- 
pallar at Mach numbara to 0.8* K. G. Mackall, P. L. Lasagna, K. Walsh (NASA. 
Ames Research Center, Edwards, CA), and J. H* Dlttmar (NASA, Lewis Re- 
search Center, Cleveland, OH). AiAA, SAB, and ASMS, Joint Propufsion Confer- 
ence, 18th, Cleveland, OH, June 21-23, 1982, AIAA Paper 82-1120:9 p. 6 refs. 

Acoustic data for the advanced-design SR-3 propeller at Mach numbers to 0.8 
and hellcat tip Mach numbers to 1.14 are presented. Several advanced-design 
propellers, previously tested In wind tunnels at the Lewis Research Center, are 
being tested in flight at the Dryden Flight Research Facility. The flight-test propel- 
lers are mounted on a pylon on the top of the fuselage of a JetStar airplane. 
Instrumentation provides near-fleld acoustic data for the SR-3. Acoustic data for 
the SR-3 propeller at Mach numbers up to 0.8, for propeller helical tip Mach 
numbers up to 1*14, and comparison of wind tunnel to flight data are Included. 
Flowfleld profjlos measured in the area adjacent to the propelier are also In- 
cluded. (Author) 


A82-35041 * # Eviluition of fuel injactlon configurationa to control 
carbon and aoot formation in amall GT combuatora. T* J* Rosfjord (United 
Technologies Research Center. East HartfrP/, CT) and D. Briehl (NASA, Lewis 
Research Center, Cleveland, OH). AIAA SAB, and ASMB, Joint Propulsion 
Conference, 1 8th, Cleveland, OH, June 2 1982, AIAA Paper 82-1 1 75 , 1 2 p* 

6 refs. 

An experimental program to investigate hardware configurations which attempt 
to minimize carbon formation and soot production without sacrificing performance 



in srrmil gas turbin* combustors has b««n conductad at tha Tachr)olog(«s 
Rataarch Cantar. Four fual Jnjactors« ambodying atthar airbtast atcmtzatioo« 
pratsura atomt/atloo, or fuai vaporization technics, wara combinad with nozzia 
air swirkiff and iniactor shaaths, and avatuatad at tast conditions virNch Included 
and axtandad bayond standard smalt gas turbina combustor oparation. Extansiya 
tasting was accornplishad with configurations embodying either a spill return or 
a T^vaporizar injector. Minima) carbon deposits ware observed on the spill return 
nozzia for testa using either Jet A or ERBS test fuel, A more extensive film of soft 
carbon was observed on the yapoHzer after operation at standard engine condi* 
tions. with large carbonaceous growths forming on the device duiing off-design 
operation at tow combustor inlet tempersiture. Test results indicated that smoke 
emission levels depended on lh«i combustor fluid mechanics (especially the rnbc^ 
ihg rates near the Injector), ttie atomizatloit quality of the injector and the fuel 
hydrogen content (Authur) 


At2*3534t * # A computatlonai design method for ireneonic turbome* 

chinery ceecedee. H. Sobleczky (Deutsche Forschungs* und Versuchsanstalt 
fOr tuft* und Raumfahrti Institut fOr iheorellsche Strdmurtsgmechanlk. Gottingen, 
West Germany) and D, S. Dulikravich (NASA, Lewis Research Center, Cleve- 
land. OH). American Society of Mechanical Engineers, International Gas Turbine 
Conference and Exhibit, 27tht London, Engiand, Apr, 18-22, 1982, Paper82-GT- 
f 10 p. 17 refs. Members, 12.00; nonmembers, S4.0C, 

This paper describes a systematical computational procedure to find configura- 
tion changes necessary to modify the resulting flow past turbomachinery cas- 
cades, channels and nozzles, to be shock-free at prescribed transonic operating 
conditions. The method is based on a finite area transonic analysis technique and 
the fictitious gas approach. This design sctteme has two major areas of applica- 
tion. Rrst, it can be used for design of supercritical cascades, with applications 
mainly In compressor blade design. Second, It provides subsonic inlet shapes 
Including sonic surfaces with suitable Initial data for the design of supersonic 
(accelerated) exits, like nozzles and turbine cascade shapes. This fast, accurate 
and economical method with a provert pc;>ntial for applications to three-dimen- 
sional flows is Illustrated by some design examples. (Author) 


AS2-35373 * # The use of opdmlzetfon techniquee to design controlled 
dtffueton compreeeor blading. N. L. Sanger (NASA, Lewis Research Center, 
Cleveland, OH). American Society of Mechanical Engineers, International Gas 
Turbine Conference and Exhibit, 27th, London, England, Apr, 18-22, 1982, Paper 
82-GT-149 . 11 p. 17 refs. Members. $2.00; nonmembers, $4.00. 

(Previously announced In STAR as N82-14094) 


AI2*353$9 * # NASA research In aircraft propulsion. M. A. Beheim 
(NASA, Lewis Research Center, Cleveland, OH). American Society of Mechani- 
cal Engineers, International Gas Turbine Conference and Exhibit, 27th, London, 
Engta^, Apr, 18-22, 1982, Paper 82-GT-1 77 , 10 p. Members, $2.00; nonmem- 
bers, $4,00. 

(Previously announced In STAR as N82-13146) 


A02-354O9 * # The effect of rotor blade thickness end surface finlth on 

the performance of a small axial flow turbina. R, J. RoelKe (NASA, Lewis 
Research Center. Cleveland, OH) and J. E. Haas (U.S. Army, Propulsion Labora- 
tory, Cleveland, OH). American Society of Mechanical Engineers, International 
Gas Turbine Con ference and Exhibit, 27th, London, England, Apr, 18-22, 1982, 
Paper 82-GT-222, 6 p. 9 refs. Members, $2,00; nonmembers, $4.00. 
(Previously announced In STAR as NS2-13114) 


A12-3S4S6 * # Structural dynamics of shroudlaaa, hollow, fan blades 

wHh composite in-laye. R. A. Aiello, M. S. Hirschbein, and C. C, Chamis (NASA, 
Lewis Research Center, Cleveland, OH). American Society of Mechanical Engi- 
neers, International Gas Turbine Conference and Exhibit, 27th, London, Engla^'id, 
Apr, 16-22, 1982, Paper 82-GT-284, J p. Members, $2.00; nonmembers. $4.00. 
(Previously announced in STAR as N82-22266) 


A82-40521 * # TF34 ConverUbla Engine System Technology Program. 

K. L. Abdalla: (NASA, Lewis Research Center, Cleveland, OH) and A. Brooks 
(General Electnc Co., Lynn, MA). In: American Helicopter Society. Annual Forum, 
38th, Anaheim, C A, May 4-7, 1982, proceedings. (A82-40506 20-01) Washington, 
DC, American Helicopter Society, 1982, p. 163-165, 8 refs. 

The ability of the helicopter to function efficiently at zero flight speed Is counter- 
balanced by a limitation to rather low forward flight speeds. An ability to fly 
efficiently at high speed would provide very significant improvements in rotorcraft 
productivity and economics. The implementation of such improvements would 
require the development of a suitable Integrated power plant for both the vertical 


horizortta) flight modes. The engir># should be • shaft output engir>e In the 
vertica) flight mode. In the hohzontal mode, the propultof can be fan or propeller. 
A description Is presented of a program concsHrned with the dentonstration of a 
convertible turbofan/turboshaft engine. The program Is oominaHy directed 
toward the demonstration of a propulsion system for m X*wing a^craft. However, 
the principies being investigated are applicable to any convertible turbofan/turbo- 
shaft engine application. At the current early Stage of the program, no barrier 
problems have become apparent, and Interesting possibilities for Ngh speed 
rotorcraft flight are envisaged. G.R. 


NS2-10037*! Detroit Picsel Allison, Indisnepolitr Ind. 

PROPULSION STUDY FOR SMAU TRANSPORT AIRCRAFT 
TECHNOLOGY (STAT) Contractor Finel Report 

J. c Gill, R. V. Earle, D. V, Staton, P. C. Stotp, D. S. Huelster, 
and B, A, Zoleztl 16 Dec. 1980 186 p refs 
(Contract NAS3-21995) 

(NASA-CR- 165499; DDA-EDR-1C470) Avail; NTIS 

HC A09/MF A01 CSCL 21 E 

Propulsion requirements v>^efe determined for 0.5 end 
0.7 Mach aircraft. Sensitivity studies were conducted on both 
these aircraft to determine peremetrically the influence of 
propulsion characteristics on aircraft size and direct operating 
cost (OPO* Candidate technology alamants and design Vaatur^ 
ware identified and parametric studies conducted to select the 
STAT advanced engine cycle. Trade off studies were conducted 
to detern'Jne those advanced technotogies end design features 
that would offer a reduction in DOC for operation of the STAT 
engines. These features were Incorporated in the two STAT 
engines. A benefit assessment was conducted comparing the 
STAT engines to current technologv engines of the seme power 
and to 1985 derivatives of the current technology engines. 
Research and davelopment programs were recommended as pert 
of an overall technology deValopment plan to ensure that full 
commercial development of the STAT engines could be Initiated 
in 1988. T.M. 


Ni2- 10038*1 Detroit Diesel Milison, fndienipolis. ind. 

PROPULSION STUDY FOR SMALL TRANSPORT AIRCRAFT 
TECHNOLOGY (STAT), APPENDIX ■ Final Report 

[1980] li p refs 
(Contract NAS3-21995} 

( N A SA - CR - 1 6 5499-App-B; DDA-EDR- 1 0470-App-B) Avail; 
NTIS HC A02/MF A01 CSCL 21E 

Data are tabulated for two conceptual engines designed for 
small transport aircraft. These are the 1790 W (2400 shp) class 
engine and the 3579 kW (4800 shp) class engine for the 0.5 M 
sub N and 0.7 M sub N airplanes, respectivety. All data points 
required to perform the STAT missions are provided fneiuding 
take-off, climb, cruise, loiter, and fuel allowances. The weight, 
dimensions, price, and maintenance costs are given as well as 
the installation criteria and equations used for adjusting horse- 
power for gearbox loss, and converting horsepower to thrust. 
Scaling equations are included. A.R.H. 


N82- 10039*1 United Technologies Research Center, East 

Hartford, Conn. 

DEVELOPMENT OF LOW MODULUS MATERIAL FOR USE 
IN CERAMIC GAS PATH SEAL APPUCATION8 FlfMl 
Report 

H. E. Eaton and R. C. Novak Oct. 1981 83 p refs 
(Contract NAS3-221 34) 

(NASA-CR-1 65469; R8 1-9 16 188-1 3) Avail: NTiS 

HC A05/MF AOl CSCL 21E 

Three candidate materials were examined; Brunsbond ^R) 

Pad; plasma sprayed porous NiCrAlY; and plasma sprayeu low 
modulus microcracked zirconia. Evaluation consisted of mechani- 
cal, thermophysicaL and oxidation resistance testing along with 
optical microscopy and a feasibility demonstration of attaching 
the materia) to a suitable substrate. The goals of the program 
were the following: feasibility of fastenirig or depositing the tow 
modulus sysiam onto a broad range of substrate ajloys; feasibility 
of depositing or forming the low modulus system to a thickness 
of 0. 1 9 cm to 0,38 cm; po^entiaf to attain a modulus of elasticity 
in the range of 3.4 to 6.9 GPa (0.5 to 1 .0 MSI), and an ultimate 
strength of 17.2 MPa (2.5 ksi); suitable thermal conductivity; 
and static oxidation life of at least 1000 hours at 1311 K. The 
results of the program indicate that all three systems offer 
attractive properties as a strain isolator material. T.M. 
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Nt2*10040^| Gtnffal Eltctric Co., St. Pet«rib{jr 0 , Fla. 

THfflMAL.BAIMIliRCOATEP TUAIINC AtADf STUDY 
Ftnol Sapoft 

P. A. Siamars and W. B. Hillig Aug. 1981 13A p lifa 
iComract NAS3*21727I 

(NASA*CR*1653S1; 5RD-81-083) Avail: NTIS 

HC A07/MF A01 CSCL 21 E 

TN affacts of coating TBCon a CF6*50 staga 2 higH-pratfUra 
turbina blada vyara analyzed with raspact to changas In tha 
maan bulk tamparatura. cooling air faqulrarnants> and high*cycla 
fatigua. Localtzad spallation was found to hava a possibta 
dalatarjous affact on low-cycia fatigua Ufa. Maw blada dasign 
concapts wara davatopad to taka optimum advantaga of TBCs. 
Procass and matarial davatopmant work and rif/ avaluations wara 
undartakan which Idantiflad tha most promising combination as 
Zr02 containing 8 w/o Y203 appliad by air plasma spray onto 
a Ni22Cr-10Al*lY bond layar. Tha bond layar was appliad by a 
lowpressure. high-valocity plasma spray procass onto tha basa 
alloy. OMfing tha initial startup cycias tha blades experiancad 
localizod iaading adga spoliation causad by foreign objects. T.M. 


N82- 11088*# Toledyne Continental Motors, Muskegon, Mich. 
General Products Div 

UOHTWEhSHT DIESEL ENGINE DESIGNS FOR COMMUT* 

ER TOC AIRCRAFT 

Alax P {Irouwars Jul. 1981 70 p refs 

(Contract NAS3*22149) 

(NASA-CR-165470; Rept.995) Avail: NTIS HC A04/MF A01 
CSCU21E 

Conceptual designs and performance of advanced technology 
lightweight diesel engines, suitable for commuter type aircrah 
power plants are defined Two engines are discussed, a 1491 kW 
(2000 SHP) eight-cylinder engine and a 895 kW (1200 SHP) 
six-cylinder engine. High performance and related advanced 
technologies are proposed such as insulated cylinders, vary high 
injection pressures and high compressor and turbine efficiencies. 
Tha description of each engine includes concept drawings, a 
performance analysis, and weight data. Fuel flow data are given 
for full and partial power up to 7620m altitude. The performance 
data are also extrapolated over a power range from 
671 kW(900 SHP) to 1864 kW (2500 SHP). The specific fuel 
consumption of the 1491 kW (2000 SHP) engine Is 182 
g/hWh (.299 Ib/HPh) at cruise altitude, its weight 620 kg 
v1365 ib,) and specific weight .415 kg/kW (.683 Ib/HP). The 
specific fuel consumption of the 895 kVV (1200 SHP) engine Is 
187 g/hWh (.308 Ib/HPh) at cruise altitude. Us weight 465 kg 
(1026 lb) and specific weight .520 kg/kW (.854 Ib/HP) RJ.F 


N82-12075*# General Electric Co.. Lynn. Mass. Aircraft Engine 
Group. 

EFFECT OF A PART SPAN VARIABLE INLET GUIDE VANE 
ON TF34 FAN PERFORMANCE Final Report 
Josa Alvarez and Paul W. Schneider Sep. 1981 133 p refs 

(Contract NAS3-21624) 

(NASA-CR-1 65458: R81AEG030) Avail: NTIS 

HC A07/MF A01 CSCL 21E 

Exparlmentai aerodynamic and performance data ware 
obtained from a TF34 angina. Part span variable inlet guide 
vanas mounted in front of the fan on the TF34 engine were 
tasted to demonstrate the feasibility of modulating air flow and 
thrust for vertical takeoff aircraft aystamt. The fan waa mapped 
to stall for a range of speeds and variable Inlat guide ware 
settings. Modulated fan tip performance and unmodulated hub 
performance ware evaluated with a without an axtandad fan 
bypass splitter. The effect of a croiswlnd distortion acraan on 
performance was also evaluated. RrJ.F. 


N82-13146*# Pratt and Whitney Aircraft Group. East Hartford. 
Conn. Commercial Products Div. 

SENSOR FAILURE DETECTION SYSTEM Final Report 

E. C Beattie, R. F. LaPrad. M. E. McGlone, S. M> Rock, and M, 
M. Akhter Aug. 1981 172 p refs Prepared in cooperation 

with Systems Control. Inc , Pal*- Mto. Calif. 

(Contract NAS3-22481) 

{NASA^CR-165515; PWA-5736-17) Avail: NTIS 

HC A08/MF A01 CSCL21E 

Advanced concepts for detecting, isolating, and accommodate 
Ing sensor failures were studied to determine their applicability 
to the gas turbine control problem. Five concepts were formulated 


based upon such tachniquas as Kalman filtars and a scrtaning 
procass lad to tha salaction of ona advancad conctpt for furtha r 
evatvation. The selected advancad concept usaa a Kalnian filter 
to generate residuals, a weighted sum square residuals te;;hnique 
to detect soft failures, likelihood ratio testing of e bank of Malman 
filters for isolation, and reconfiguring of the normal mode Kjalman 
filler by eliminating tha failed input to ecccmmodete the failure. 
The advanced concept was compared to a baseline pararrwlar 
synthesis technique, The advanced concept was shown to ba a 
viable concept for detecting. Isolating, and accommodating sansor 
failures for the gas turbine applications M G, 


NS2«14082*# General Electric Co.. Cincinnati. Ohio. Aircraft 
Engine Business Group, 

CORE COMFRE8SOR EXIT STAGE STUDY. VOLUME 4; 
DATA AND PERFORMANCE REPORT FOR THE BEST 
STAGE CONFIGU RATION Final Report 

D. C. Wisler Apr 1981 204 p refs 
(Contract NAS3-20070) 

(NASA«CR>1 65357: R80AEG314-Vol-4) Avail: NTtS 

HC AlO/MF A01 CSCL 21E 

Tha core comprassor exit stage study program develops rear 
stage blading designs that hava lower losses In their endv^all 
boundary ^ayel’ regions. Tha test data and performance results 
for the best stage configuration consisting of Rotor- B running 
with State r-B are described. Tha technical approach In this 
efficiency improvement program utilizes a low speed research 
comprassor. Tests were conducted In two ways: (1) to use four 
identical stages of blading to obtain test data in a true muitistaga 
environment and ( 2 ) to use a singit stage of blading to compare 
with the multistage test results. The effects of Increased rotor 
tip clearences end circumferential groove casing treatment ere 
evaluated. E.A.K. 


Ni2-14C193*| Genercl Electric Co„ Cincinnati. Ohio Aircraft 
Engine Business Group. 

CORE COMPRESSOR EXIT STAGE STUDY. VOLUME 6: 
DESIGN AND HERFORMANCE REPORT FOR THE ROTOR 
C/STATOR Si CONFIGURATION 

D. C. Wisiar May 1981 10T p refs 
(Contract NAS3-20070) 

(NASA-CR.16535B: R8lAEG28r*Vol-5) Avail? NTIS 

HC A06/MF A01 CSCL 21 E 

Rear stage blading designs that have lower losses iri thair 
endwatl boundary layer regions were devoloped. The design of 
rotof-C and the performance results for rotor-C running with 
stator B are described. A low speed research compressor is 
utilized as the principal investigative loo). Four identical stages 
of blading are used to obtained data in a true multistage 
environment. E.A.K. 


NS2- 14096*# Ai Research Mfg. Co.. Phoenix. Ariz. 

POLLUTION REDUCTION TECHNOLOGY PROGRAM SMALL 
JET AIRCRAFT ENGINES. PHASE 3 Final Report 

T. W. Bruce. F. G. Davis. T. E. Kuhn, and H. C. Mongia Dac. 
1981 180 p refs 
(Contract NAS3-208 19) 

(NASA-CR- 165386: AiResearch-21-3615) Avail: NTIS 

HC A09/MF A01 CSCL 21E 

A series of Model TFE731-2 engine tests were conducted 
with the Concept 2 variable geometry alrblast fuel Injector 
combustion system instailed. The engine was tasted to: 
( 1 ) establish the emission levels over the selected points which 
comprise the Environmental Protection Agency Landing-Takeoff 
Cycle: (2) determine engine performance with the combustion 
system: and (3) evaulate the engine acceleration/deceleration 
characteristics. The hydrocarbon (HC), carbon monoxide (CO), 
and smoke goals were met. Oxides of nitrogen (NOx) vyere 
above the goal for the same configuration that met the other 
pollutant goals. The engine and combustor performance, at wall 
as accalaration/decalaration charactaristica. w^ra accaptaUa. The 
Concept 3 staged combustor system was refined from earlier 
phase development and subjected to further rig rafjnament 
testing. The concept met all of the emissions g<*aik. E.A.K, 
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N0I*14OM*| AiRasMrch Mfg. Co., Phoonix, Arii. 

ifl»t FUiL AODiNDUMs POUUTION RIDUCTIOM 
TiCHMOLOOY MOOfSAM tMAU JIT AIACAAIT tH- 
QIMIt, RNAtf S Plnol llo^ 

X W. Bruco, F, G, Davit, X E. Kuhn, and H. C Monola 119821 
47 p raft 

(Contract NAS3-20818) 

(NASA-CR-165387,* AiRaf«arch*2t-3619l AvtiU NTi^ 
HC A03/MF A01 C$CL2tE 

A Model TFE731^2 anolna with a low tmistion. variabft 
gtofnatry combustion tyttam wtt iattsd to compart tht tfftcU 
of operating tht tngint on Commtrciti Jtt*A aviation turbine 
futl and axparimantal rtftrtt broad specification (ERBS) fusts. 
Low power emission levels were essentially identical white the 
high power NOx emission indexes were approximately 15% lower 
with the EBRS fuel. The exhaust smoke number was approximately 
50% higher with ERBS at the takeoff thrust setting, * however, 
both values wart still below the EI^A limit of 40 for the Model 
TFE73 1 engine. Primary zone liner wall temperature ran an average 
of 26 K higher with ERBS fuel than with Jef*At The poeeibfe 
adoption of broadened proprties fuels for gas turbine applications 
is suggestod. E.A.K. 


NB2«1B0B0*| United Technologies Research Center, East 
Hartford. Conn. 

REBEARCH AND DEVELOPMENT PROGRAM FOR NON- 
LINEAR STRUCTURAL MODEUNQ WITH ADVANCED 
TIME-TEMPERATURE DEPENDENT CONSTITUTIVE RELA- 
TIOMBH:pB Final Report 
Kevin P. Walker 25 Nov. 1981 187 p refs 
(Contract NAS3-22055) 

(NASA-CR- 165533; PWA-5700-501 Avail: NTIS 

HC A09/MF A01 CSCL 21E 

Results of a 20-month research and development program 
for nonlinear structural modeling with advanced llrne-temperature 
constitutive relationships are reported. The program included: 
(1) the evaluation of a number of viscoplastic constitutive models 
in the published literature; (2) incorporation of three of the most 
appropriate constitutive models Into the MARC nonlinear finite 
element program; (3) calibration of the three constitutive models 
against experimental data using Hastelloy-X material; and 
(4| application of the most appropriate constitutive model to a 
three dimensional finite element analysis of a cylindrical combustor 
liner louver test specimen to establish the capability of the 
viscoptastic mode) to predict component structural response. 

M.D.K. 


N82-1 6081^1 Pratt and Whitney Aircraft Group. East Hartford, 
Conn. 

STUDY OF CONTROLLED DIFFUSION STATOR BLADING. 
1. AERODYNAMIC AND MECHANICAL DESIGN REPORT 
E. Canal. 8. C. Chisholm. D. Leo. and D. A. Spear Jan. 1981 
97 p refs 

(Contract NAS3-22008) 

(NASA-CR-165500; PWA-5698-28) Avail: NTIS 

HC A05/MF A01 CSCL 21E 

Pratt & Whitney Aircraft is conducting a test program for 
NASA in order to demonstrate that a controtled-diffusion stator 
provides low losses at high loadings and Mach numbers. The 
technology has shown great promise in wind tunnel tests. Details 
of the design of the controlled diffusion stator vanes and the 
multiple-circular-arc rotor blades are presented. The stage, 
including stator and rotor. Was designed to be suitable for the 
first-stage of an advanced multistage, high-pressure compressor. 

Author 


NB2-17174*| General Electric Co., Cincinnati, Ohio. Aircraft 
Engine Group. 

CFB JET ENGINE PERFORMANCE IMPROVEMENT: HIGH 
PREBBURE TURBINE ROUNDNEBB 

W, D. Howard and W. A Fasching Jan. 1982 136 p refs 
(Contract NAS3-20629) 

(NASA-CR-165S55: R82AEB115) Avail: NTIS 

HC A07/MF A01 CSCL 21 E 

An improved high pressure turbine stator reducing fuel 
consumption in currant CF6-50 turbofan anginas was developed. 
The feasibility of the roundnass and claaranca rasponsa Improva- 
mants was demonstrated. Application of thaaa improvornants will 
result in a cruise SFC reduction of 0.22 percent for new snginat. 


For highi tima angrnas, the Improved roundnaM and response 
charactaristics results In en 0.6 percent reduction in cruise SFC, 
A besic fife capability of the Improved HP turbine sutor in bver 
•00 simulated flight cycles without any sign of significant dtstrasa 
Is shown. EAK. 


NB2-1B221*# Garrett Turbine Engine Co., Phoanix, Ariz. 

COOLED VARIABU-AREA RADIAL TURBINC TECHNOL- 
OGY PROGRAM Ffoel Report 
G. 0. Large and L. J. Meyar Jan. 1982 303 p refs 
(Contract NAS3-22004) 

(NASA-CR-1 65408) Avail; NTIS HC A14/MF A01 CSCL 
21E 

The objective of this study was a conceptual evaluation and 
design analyses of a cooled yarlable-area radial turbirw capable 
of maintaining nearly constant high efficiency when o^rafad at 
9 constant speed and pressure ratio over a range of flows 
corresponding to 50- to 100-percent maximum engine power. 
The results showed that a 1589K (2400 F) turbine was feasible 
that would satisfy a 4000-hour duty cycL^ life goal. The final 
design feasibility is based on 1988 materiil technology goals. A 
peak aerodynamic stage total efficiency of 0.88 was predicted 
at 100 percent power. Two candidate stators ware idantifitd; 
an articulated trailing-edge and a locally movabla sidewall. Both 
concepts must be experimentally evaluated to determine the 
optimum configuration. A follow-on test program Is proposed 
foi this evaluation. Author 


NB2-211B3*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

COLD-AIR PERFORMANCE OF A 15.41-cm-TiP-DIAMETER 
AXIAL-FLOW POWER TURRINE WITH VARIABLE-AREA 
STATOR DESIGNED FOR A 76-kW AUTOMOTIVE GAB 
TURBINE ENGINE Final Report 

Kerry L. McLatlin. Milton G. Kofskey. and Robert Y, Wong Fab. 

1982 33 p refs 

(Contract DE-AIQ1-77CS-5104Q) 

(NASA-TM-82644: E-899; NAS 1.15:82644; 
DOE/NASA/51040-20) Avail; NTIS HC A03/MF A01 CSCL 
21E 

An experimental eveluaiion of the aerodynamic performance 
of the axial flow. Variable area stator power turbine stage for 
the Department of Energy upgraded automotive gas turbine engine 
was conducted In cold air. The interstage transition duct, the 
variable area stator, the rotor, and the exit diffuser were included 
in the evaluation of the turbine stage. The measured total blading 
efficiency was 0.096 less than the design value of 0.85. Large 
radial gradients In flow conditions were found at the exit of the 
interstage duct that adversely affected power turbine performance. 
Although power turbine efficiency was less than design, the turbine 
operating line corresponding to the steady state road load power 
curve was within 0.02 of the maximum avaiiable stage efficiency 
at any given speed. Author 


N82-21196*||^ Pratt and Whitney Aircraft Group, East Hartford, 
Conn. Commercial Products DIv. 

ENERGY EFFICIENT ENGINE SHROUDLESS, HOLLOW FAN 
BLADE TECHNOLOGY REPORT 

C. J. Michael Dec. 1981 91 p refs 
(Contract NAS3-20646) 

(NASA-CR-1 65586; NAS X26: 165586: PWA-5594-199) Avail: 
NTIS HC A05/MF AOr CSCL 21 E 

The Shroudless, Hollow Fan Blade Technology program was 
structured to support the design, fabrication, and subsequent 
evaluation of advanced hollow and shroudless blades for the 
Energy Efficient Engine fan component. Rockwell International 
was initially selected to produce hollow airfoil specimens 
employing the superpiastic forming/diffusion bonding (SPF/DB) 
fabricatiori technique. Rockwell demonstrated that a titanium 
hollow structure could be fabricated utilizing SPF/DB manufactur- 
ing methods. However, some problems such as sharp internal 
cavity radii and unsatisfactory secondary bonding of the edge 
and root details prevented production of the required quantity 
of fatigue test specimens. Subsequently, TRW was selected to 
(I) produce hollow airfoil test specimens utilizing a laminate-core/ 
^of isostatic press/diffusion bond approach, and (2) manufacture 
full-size hollow prototype fan blades utilizing the technology that 
evolved from the specimen fabrication effort. TRW establithed 
elements of blade design and defined laminate-core/hot Isostatic 
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press/ diffusfcn bonding fabrication techniques to produce test 
specimens^ this fabrication technology ww utiliied to produce 
full size hollow fan blades in which the HiP'ed parts were 
cambered/twisted/isothermally forged, finish machined, and 
delivered to Pratt St Whitney Aircraft and NASA for further 
evaluation. Author 


N82*21197*/jf General Electric Co.. Cincinnati, Ohio. Aircraft 
Engine Group. 

CF6 JET ENGINE DIAGNOSTICS FROORAM: HIGH 

PRESSURE COMPRESSOR CLEARANCE INVESTIGATION 

M. A. Radomski Jsn. 1982 48 p ref 
(Contract NAS3.20631) 

(NASA-CR-165S80; NAS 1.26r16E580; R82AEB989) Avail; 
NTIS HC A03/MA A01 CSCl 

The effects Of high pressure compressor clearance changes 
on engine pe^ormance were experimentally determined on a 
CF6 core engine. The results Indicate that a one percent reduction 
in normalized average clearance, expressed as a fraction of airfoil 
length. Improves compressor efficiency by one percent. Compres* 
sor clearances are rc<duced by the application of rotor bore cooling, 
Insulation of the st&tor casing, and use of a low coefficient of 
expansion material m \he aft stages. This improvement amounts 
to a reduction of normalized average clearance of 0.78 percent, 
relative to CF6-60 compressor, which is equivalent to an 
improvement in compressor efficiency of 0.78 percent. J.M.S. 


H92’22293^§ Cessna Aircraft Co„ Wichita. Kens. Pawnee 
Div, 

ADVANCED GENERAL AVIATION COMPARATIVE ENGINE/ 
AIRFRAME INTEGRATION STUDY Final Raport« Jan. 
1M0 - Sep, 1981 

Gaorge L Huggins and David R. Ellis Sep, 1981 133 p refs 
(Contract NAS3-22221) 

(NASA-CR*1 65564: NAS 1.26:166664; Cessna-AD-217) Avail; 
NTIS HC A07/MPA01 CSCL 21E 

Tha NASA Advanced Aviation Comparative Engine/Airframe 
Intagration Study was initiated to help determine which of four 
promising concepts for new general aviation anginas for the 
1990‘s should be considered for further research funding. The 
engine concepts included rotary, diesel, spark ignition, and 
turboprop powerplantsr a conventional state ^oMhe- art piston 
engine was used as a baseline for the comparison. Computer 
simulations of the performance of single and twin engine 
pressurized aircraft designs were used to determine how f.he 
various characteristics of each engine interacted in the i>?^'ign 
process, Comparisons were made of how each engine performed 
relative to the others when integrated into an airframe and requirad 
to fly a transportation mission. Author 


N82-22264*))! Pratt and Whitney Aircraft Group, East Hartford. 
Conn. Commercial Products Oiv. 

ENERGY EFFICIENT ENGINE EXHAUST MIXER MODEL 
TECHNOLOGY 

H. Kozlowski and M. Larkin Jun. 1981 186 p refs 
(Contract NAS3>20646) 

(NASA-CR>165459: NAS 1.26:165459; PWA-5594-164) Avail: 
NTIS HC A09/MF A01 CSCL 21 E 

An exhaust mixer test program was conducted to define 
the technciogy required for the Energy Efficient Engine Program, 
The model configurations of 1/10 scale were tested in two 
phases. A parametric study of mixer design options, the Impact 
of residual low pressure turbine swlr), and integration of the 
mixer with the structural pylon of the nacelle were investigated. 
The improvement of the mixer Itself was also studied. Nozzle 
performance characteristics were obtained along with exit profiles 
and oil smear photographs. The sensitivity of nozzle performance 
to tailpipe length, lobe number, mixer penetration, and mixer 
modifications like scalloping and cutbacks were astablishad. 
j^atiduai turbine swirl was found detrimental to axhauet aystam 
performance and the low preasura turbine ayatem for Energy 
Efficient Engine was designed so that no twirl would enter tha 
mixer, The impact of mixer/pfug gap waa alto aatabliahad, along 
with importance of scalloping, cutbacki, hoods, and plug anglaa 
on high penetration mixers, M.D.K. 
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Pratt and WMItnay Aircraft Group, East Hartford. 
Conn, Commercial Productf^ Djv, 

ADVANCED LOW-EMIMiDN8 CATALYTIC*COMRU8TOR 
RROGRAM, PHASE 1 FInel Report 

G, J, Sturgess Jun, 1981 168 p refs 
(Connect NAS3-20821) 

|NASA*CR-1 59666; NAS 1.26:169656: PWA-6689*19; 
ESL-TR>79>23) Avail; NTIS HC A08/MF A01 CSCL 21E 
Six catalytic combustor concepts v^ara defined, analyzed^ and 
evaluated. Major design contideretions included low emiaafons* 
performance, safety, durability, instellations, oparattona and 
development. On the basis of these considerationt the two moat 
promising concepts were selected. Refined enalyiis end pre- 
liminary design work was conducted on these two concepts. 
Tha aalactad concepts ware required to fit within the combustor 
chamber dimensions of tha refaranct angina. This is achieved 
by uaing ■ dump diffuser discharging Into a ptanum chamber 
between the compressor discharge and the turbine inlet, with 
the combustors overlaying tha pradiffusar and the rear of the 
compressor. To enhance maintainability, tha outer combustor ceaa 
for each concept is dasigntd to translate forward for acceaaibtlHv 
to tha catalytic reactor, liners and high prestura turbine area, 
The cateK^j reactor Is self-contained with eir-cooled cenntng 
on a rr .lent mounting. Both selected concepts employed 
integrated engine*starting approaches to raise the catalytic reactor 
up to operating conditions. Advanced liner schemes are used to 
minimize required cooling air. The two selected concepts 
respectively employ fuel-rich Initial thermal reaction followed by 
rapid quencfi and subaequant fuel-lean catalytic reaction of carbon 
monoxide, end, fuel-leen thermal reaction of eorne fuel M a 
continuously operating pilot combuetor with fuel-leen catalytic 
reaction of remaining fuel in e rsdielly-steped mein combuetor. 

Author 


N92-22267^| Unitnd Technologies Research Center, East 
Hartford, Conn. 

INVESTIGATION OF SOOT AND CARBON FORMATION IN 
9MAU GAS TURBINi COMBUSTORS Final Report 

T, J. Rosfjord Apr. 1982 54 p refs 
(Contract NAS3-22524) 

(NASA-CR-167853; NAS 1,26:167853; 

UTRC-R82-915367-16) Avail: NTIS HC A04/MF AOl CSCL 
21E 

An investigation of hardware configurations which attempt 
to minimize carbon and soot-productjon without sacrificing 
performance in small gas turbine combustors was conducted, 
Four fuel injectors, employing either airblast atomization, pressure 
atomization, or fuel vaporization techniques were combined with 
rrazzle atr swirlers and Injector sheaths. Eight configurations were 
screened at sea -level takeoff and idle test conditions. Selected 
configurations were focused upon in an attempt to quantify the 
influence of combustor pressure. Inlet temperature, primary zone 
operation, and combustor loading on soot and carbon formation. 
Cycle tests were also performed. It was found that smdke emission 
levels depended on the combustor fluid mechanics, the atomization 
quality of the injector and the fuel hydrogen content. R,J;F. 


N82-2226B*# Beech Aircraft Corp., Wichita, Kans. 

ADVANCED GENERAL AVIATION ENGINE/AIRFRAME 
INTEGRATION STUDY 

Leon A. Zmroczek Mar. 1982 131 p refs 
(Contract NAS3-22220) 

(NASA-CR-165565; NAS 1.26:165565) Avail: NTIS 

HC A07/MF AOl CSCL 21 E 

A comparison of the in-airframe performance and efficiency 
of the advanced engine concepts is presented. The results indicate 
that the proposed advanced engines can significantly improve 
the performance and economy of general aviation airplanes. The 
engine found to be most promising is the highly advanced version 
of e rotary combustion (Wankel) engine. The low weight and 
fuel consumption of this engine, as well as its small size, make 
it suited for aircraft use. T.M, 


N82-23246*|)l Pratt and Whitney Aircraft Group. West Palm 
Beach, Fla. Government Products Div, 

COMPUTER MODELING OF FAN-EXIT- SPUTTER SPACING 
EFFECTS ON F100 RESPONSE TO DISTORTION FNial 
Report 

M. Shaw and R. W. Murdoch Mar. 1982 115 p refs 
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(Contract NAS3<*22739) 

(NA3A-CR-167079; NAS 1.26:167879? FR-15596) Avail: 
NTIS HC A06/MF AOl CSCL 21F 

Tha distortion raiponsa of the F100(3| engine was effected 
by the fan exit splitter configuration. The sensitivity for a proximate 
skitter fan is calculated to be slightly greater than a remote 
splitter configuration with Identfiil aidoils. Predicted response 
was based upon a multiple segment parallel compressor Model 
modified to include a bypass ratio representation that effects 
the performance characteristics of the lost rotor end intermediate 
case struts. The predicted distortion response required an 
accurate definition of row pre« and post-stall undiMorted 
operation. Author 


M82-23247'^j|{ Notre Dame Univ,. Ind, Dept, of Electrical 
Engineering. 

ALTERNATIVES FOR JET ENGINE CONTROL Technical 
RfOgreea Report, 1 Oct. 1980 - 30 Sep. 1S81 
Michael K. Sain 1981 140 p refs 
(Grant NsG-3048) 

(NASA-CR- 168894; NAS 1.26:168894: TPR-12) Avail: NTIS 
HC A07/MF AOl CSCL21E 

Resaarch cantored on basic topics in the modeling and 
feedback control of nonlinear dynamical systems is reported. Of 
special intarest were the following topics: (1) the role of series 
descriptions, especially insofar as they relate to questions of 
scheduling, in thf control of gas turbine engines; (2) the use of 
algebraic tensor theory as a technique for parameterizing such 
descriptions: (3) the relationship between tensor methodology 
and other parts of the nonlinear literature: (4) the improvement 
of interactive methods for parameter selection within a tensor 
viewpoint: and (S) study of feedbf^k goin representation as a 
counterpart to these modeling and parameterization ideas. 

Author 


NI2-23248*# Pratt and Whitney Aircraft Group. East Hartford, 
Conn, 

ANALYSIS OF HIGH LOAD DAMPERS Final Report 

S. T. Bhat, D. F. Buono. and D. H. Hibner 21 Aug. 1981 
79 p refs 

(Contract NAS3-22518) 

(NASA-CR- 165503: NAS 1.26:165503: PWA-5779-10) Avail: 
NTIS HC A05/MF AOl CSCL 21E 

High load damping requirements for modern jet engines are 
discussed. The design of damping systems which could satisfy 
these requirements is also discusseed, |n order to evaluate high 
load damping requirements, engines in three major classes were 
studied: large transport enginor;. small general aviation engines, 
and military engines. Four damper concepts applicable to these 
engines were evaluated: multi-ring, cartridge, curved beanv. and 
viscous/ friction. The most promising damper concept was selected 
for each engine and performance was assessed relative to 
conventional dampers and In light of projected damping reauire- 
ments for advanced jet engines. B.W, 


N82-24202*])f Garrett Turbine Engine Co.. Phoenix, Ariz. 

STUDY OF ADVANCED PROPULSION SYSTEMS FOR 
SMALL TRANSPORT AIRCRAFT TECHNOLOGY (8TAT) 
PROGRAM Finiil Report 

C. F^ Baerst. R. W. Hetdenbrand, and J. H. Rowse Mar. 1981 
1 19i p refs 

(Contract NAS3-21 997) 

(NASA-CR-165610: NAS 1.26:165510: Garrett-21 -391 1) Avail: 
NTIS HC A06/MF AOl CSCL 21 E 

Definitions of takeoff gross weight, performance, and direct 
operating cost for both a 30 and 50 passenger airplane were 
established. The results indicate that a potential direct operating 
cost benefit, resulting from advanced technologies, of ap- 
pcoximateiy 20 percent would be achieved for the 1990 engines. 
Of the numerous design features that were evaluated, only 
maintenance-related itema contributed to a significant dacreaaa 
in direct operating cost. Racommandatlons are made to continue 
reaearch and technology program^ for advanced component and 
angina develoment. T.M. 


NS2*26262^)(I Pennsylvania State Unjv., University Park. Lab. 
of Turbomachinary. 

THREE DIMENSIONAL MEAN VELOCITY AND TURSU- 
LENCE CHARACTERISTICS IN THE ANNULUS WALL 
REGION OF AN AXIAL FLOW COMPRESSOR ROTOR 
PASSAGE 

R. Davino and 6. Lakthminarayar^a May 1982 262 p refs 
(Grant NsG-3212) 

iNASA-CR-169003: NAS 1.26:169003: PSU/TURBO-82-2) 
Avail; NTIS HC A12/MF AOl CSCL 21 E 

The experiment was performed using the rotating hot-w)rio' 
technique within the rotor blade passage and the stationary 
hot-wire technique for the exitflcw of the rotor blade passage. 
The measurements reveal the effect of rotation and sub<^quant 
flow interactions upon the rotor blade flp vfield and wake 
development in the annulus-wall ttegion. The flow near the rotor 
blade tips is found to be highly complex due to the interaction 
of the annulus-wail boundary f^^yer. the blade boundary layers, 
the tip leakage flow, and the (dcondery flow. Within the bladi* 
passage, this interaction results in in appreciable radial inward 
flow as well as a defect in the mainstream velocity near ^he 
mid-ptlissage. Turbulence levels within this region are Vary 
This indicates a considerable extent of flow mixing due to Jhe 
viscous flow interactions. The size and strength of this loss core 
is found to grow with axial distance from the blade trailing 
edge. The nature of the rotor blade exit-finw was dominated by 
the wake development, T.M. 


NS2-262B3*)|i Pennsylvania State Univ., University Park. Lab. 
of Turbomachinery. 

INVESTIGATION OF THE TIP CLEARANCE FLOW INSIDE 
AND AT THE EXIT OF A COMPRESSOR ROTOR PASo 
SAGE 

A. Pendya and B. Lakshminarayana May 1982 147 p refs 

(Grant NsG-3212) 

(NASA-CR-169004; NAS 1.26M69004: PSU/TU R BO-82-3) 
Avail: NTIS HC A07/MF AOl CSCL 21E 

The nature of the tip clearance flow in a moderately loaded 
compressor rotor is studied. The measurements were taken inside 
the clearance between the annutus-wall casing and the rotor 
blade tip. These measurements were obtained using a stationary 
two-sensor tiot-wire probe in combination with an ensemble 
averaging technique. The flowfidd was surveyed at various 
radial locations and at ten axial locations, four of which were 
inside the blade passage in the clearence region and the rerralning 
six outside the passage. Variations of the mean flow properties 
in the tangential and the radial directions at various axial locations 
ware derived from the data. Variation of the leakage velocity at 
different axial stations and the annulus-wail boundary layer profiles 
from passage-averaged mean velocities were also estimated, 

B.W. 


NS2-26254*/ji General Electric Co.. Evendale. Ohio. Materials 
and Processes Technology Labs. 

COST/BENEFIT STUDIES OF ADVANCED MATERIALS 
TECHNOLOGIES FOR FUTURE AIRCRAFT TURBINE 
ENGINES: MATERIALS FOR ADVANCED TURSINE 

ENGINES 

M. Stearns and L. Wilbers May 1982 49 p 
(Contract NAS3-20074) 

(NASA-CR-1 67849: NAS 1 .26: 1 67849) Avail: NTIS 

HC A03/MF AOl CSCL 21 E 

Cost benefit studies were conducted on six advanced materials 
and processes technoiogtes applicable to commercial engines 
planned for production in the 1985 to 1990 time frame. These 
technologies consisted of thermal barrier coatings for combustor 
and high pressure turbine airfoils, directionally solidified eutectic 
high pressure turbine blades, (both cast and fabricated), and 
mixers, tail cones, and piping made of titanium-aluminum alloys. 
A fabricated titanium fan blisk, an advanced turbine disk alloy 
with improved low cycle fatigue life, and a long-life high pressure 
turbine blade abrasive tip and ceramic shroud system were also 
analyzed. Technologies showing considerable promise as to 
benefits, low development costs, and high probability of success 
were thermal barrier coating, directionally solidified eutectic turbine 
blades, and abrasive-tip blades/ceramic-shroud turbine systems. 

R.J.F. 
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Ml2*2i267*j|f United TechnoloQies Corp . East Hartford, Conn, 
Coritmaripia) Products Oiv. 

FRACTUflE MECHANICS CRITEfUA FOR TURRINE ENGINE 
HOT SECTION COMPONENTS Ftn.al Report 
G. J. Meyers May 1982 123 p refs 
(Comrect NAS3-22550) 

(NASA.CR*167896: NAS 1.26.167Q96, PWA^6772*23) Avail: 
NTIS HC A06/MP A01 CSCL 21| 

The application of several fracturo mochames data correlation 
parameters to predicting the crack propagation life of turbine 
engine hot sectiort components was evaluated. An engino sunrey 
was conducted to determine tho locations where conventional 
fracture mechanics approaches may not be adequate to 
characterize cracking behavior Both linear and nonlinear fracture 
mechanics analyses of a cracked annular combu^^mr liner 
configuration were performed Isothermal and variable lamperalure 
crack propagation tests were performed on Hastelloy X combustor 
liner material. The crack growth data was reduced using the 
stress Intensity facto r, the strain intensity factor, the J integral, 
creek opening displacement, and Tomkins’ mode). The parameter 
which showed /'the most effectiveness in correlation high 
temperature ar^d variebie temperature Hastetloy X crack growth 
data was crack opening displacement- S.t 


N82*26295^l/ Pennsylvania State Untv. University Park 

INVESTIGATION OF SPRAY CHARACTERISTICS FOR 
FLASHING INJECTION OF FUELS CONTAINING DI8« 
SOLVED AIR AND SUPERHEATED FUELS Final Report, 
1 Aug, 1980 * 31 Aug, 1981 

A S P Solomon. L D Chen, and G M Paolh Washington 
NASA Jun, 1982 90 p rofs 
(Grant NsG*3306| 

(NASA’CR.3563; NAS 1 26: 3563) Avai!: NTlS 

HCA06/MFA01 CSCU 216 

The flow, atomization and spreading of flashing injector 
flowing liquids containing dissolved gases (jet/air) as well as 
superheated liquids (Freon 11) were Gonsidored The use of a 
two stage expansion process separated by an expansion chamber, 
ws found to be beneficial for flashing injection particularly for 
dissolved gas systems Both locally homogeneous and separated 
flow models provided good predictions of injector flow proper* 
ties Conventional correlations for drop sizes from pressure 
atomized and airblast injectors wore successfully modified, using 
the separated flow model to prescribe injector exit conditions, 
to correlate drop size measurements. Additional experimental 
results are provided for spray angle and combustion properties 
of sprays from flashing injectors Author 


N82-27309*! Pratt and Whitney Aircraft Group, Hast Hartford, 
Conn. 

PERFORMANCE DETERIORATION DUE TO ACCEPTANCE 
TESTING AND FLIGHT LOADS; JT90 JET ENGINE DIAG- 
NOSTIC PROGRAM 

W. J. Oltsor< 22 Jan. 1982 147 p refs 
(Contract NAS3-20632) 

(NASA-CR.165572; NAS 1.26:166572; PWA-5512-87) Avail: 
NTIS HC A07/MF A01 CSCL21E 

Thi results of a flight toads test of the JT9D-7 engine are 
presented. The goals of this test program were to: measure 
aerodynamic and inertia loads on the engine during flight, explore 
the effects of airplane gross weight and typical maneuvers on 
these flight loads, simultaneously measure the changes in engine 
running clearances and performance resulting from the maneuvers, 
make refinements of engine performance deterloretlon prediction 
models based on analytical results of the tests, and make 
recommendations to improve propulsion system performance 
retention. The test program inciuded a typical production airplane 
acceptance test plus additional flights and maneuvers to 
encompass the range of flight loads'in revenue service. The test 
results indicated that aerodynamic loads, primarily taka-off, 
ware the maior cause of rub-indicated that aerodynamic loads, 
primarily at take-off, were the major cause of rub-induced 
deterlorition In ihe cold section of the engine Differential thtrmal 
expansion between rotating and static parts plus atrodynamic 
loads combinod to cautt blade-to-seat rubs in the turbine, B.W. 
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N82*27310^|i General Electric Co., Cincinnati, Ohio. Aircraft 
Engine Business Group. 

CORE COMFRE8SOR EXIT STAGE STUDY, VOLUME S Fkwl 
Report, Oct, 1S76 » Doc. 1SS1 

D. C. Wisler Dec. 1981 97 p refs 
(Contract NAS3-20070) 

(NASA-CR-1 65564: NAS 1.26:165554; GE-R61A5G288) Avail: 
NTIS HC A05/MF A01 CSCL 7!E 

Rear stage blading designs that 1\iave lower tosses In their 
endwall boundary layer regions wei studied. A baseline Stage 
A was designed as a iow-sp^ed model of stage 7 of a 10*stage 
compressor. Candidate rotors and stators were designed which 
have the potential of reducing endwatl losses relative to the 
baseline. Rotor B uses a type of mesnline In the tip region that 
unloads the leading edge and loJds the trailing edge relative to 
the baseline rotor A designs. Rotor C Incorporates a more skewed 
(hub strong) radial distribution of total pressure and smoothar 
distribution of static pressure on the rotor tip than those of 
rotor B. Candidate stator B embodies twist gradients in the 
endwall region, Stator C embodies eirfoU sections near the 
endwalls that have reduced trailing edge loading relative to stator 
A. Tht baseline end candidate bladings were tested using four 
identical stages to produce a true multistage environment. 
Single-stage tests were also conducted. The test data were 
analyzed and performances were compared. Several of the 
candidate conflgurctions showed a performance improvement 
relatiye to the baseline A.R.H, 


N82-27316*l|( Naval Air Propulsion Test Center, Trenton. NJ. 
Propulsion Technology and Project Engineering Dept. 

ROTOR FRAGMENT PROTECTION PROGRAM: STATIS- 

TICS ON AIRCRAFT GAS TURBINE NQINE ROTOR 
FAILURES THAT OCCURRED IN U,8. COMMERCIAL 
AVIAtlON DURING 1978 Final Report, 1977 - 1979 

R, A, Delucia and J. T. Salvino Sep, 1981 30 p 
(NASA Order C-415BT-B) 

(NASA-CR.1 65388: NAS 1,26:165388; AD-A113767; 
NAPC-PE-23) Avail: NTIS HC A03/MF A01 CSCL 21/5 
This report presents statistical information relating to the 
number of gas turbine engine rotor failures which occurred in 
commercial aviation service use. The predominant failure Involved 
blade fragments, 82.4 percent of which were contained. Although 
(ewer rotor rim, disk, end seal failures occurred. 33.3%, 100% 
and 50% respectively were uncontained. Sixty-five percent of 
the 16 a nt>iOr failures occurred during the takeoff and climb 
stages of flight. Author (GRA) 


N82-28296'^/Ji Pratt and Whitney Aircraft Group, East Hartford. 
Conn. Commercial Products Div 

B747/JT9D FLIGHT LOADS AND THEIR EFFECT ON 
ENGINE RUNNING CLEARANCES AND PERFORMANCE 
DETERIORATION: BCAC NAIL/P AND WA JT9D ENGINE 
DIAGNOSTICS PROGRAMS 

W J Olsson and R L Martin 19 Feb. 1982 74 p refs 

Prepared In cooperation with Booing Commorcial Airplane Co,. 
Sosttto 

(Contracts NAS3-20632; NASI -16325) 

(NASA-CR-165573; NAS 1 26: 165573, PWA-55i2-88) Avail: 
NTlS HC A04/MF A01 CSCL 21 E 

Flight loads on tho 747 propulsion system and resulting 
JT9D blade to outer alrseal running clearances during representa- 
tive accoptanco flight and rovohuo flight sequences were 
measured. The resulting rub induced clearance changes, and 
engine performance changes were then analyzed to validate and 
refine the JT90-7A short term performance deterioration model 

Author 


N82-28297’^j{/ General Electric Co.. Cincinnati, Ohio. Aircraft 
Engino Group 

CF6 JET ENGINE PERFORMANCE IMPROVEMENT: HIGH 
PRESSURE TURBINE ACTIVE clearance CONTROL 

S. E. Rich and W. A. Faschlng Jun. 1982 136 p refs 
(Contract NAS3-20629) 

(NASA-CR-1 66556; NAS 1 26:165556; R82AEB198) Avail; 
NTIS HG A07/MF A01 CSCL 21E 

An active clearance control system was developed which 
reduces fuel consumption and porformanco degradation. This 
syslom utilizes compressor discharge air during takeoff and fan 
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discharge air during cruise to impinge on the shroud structure 
to improve the thermal response The system was evaluated in 
component and engine tests. The test results demonstrated a 
performance Irfiprovement of 07 percent in cruise SFC, SA. 


H92^29323*ll Teledyne CAE. Toledo. Ohio. 

COOLED VARIABLE NOZZLE RADIAL TURBINE FOR 
ROTOR CRAFT APPLICATIONS 

C. Rogo Mar 1981 205 p refs 
(Contract NAS3-22005; DA Pro). 1 L1-62209-AH-76) 
(NASA.CR-16B397; NAS 1.26;165397; RepM759) Avail; 
NTIS HCA10/MFA01 CSCL 21E 

An advanced, small 2.27 kb/sec (B )bs/eec). high temperature, 
variable area radial turbine was studied for a rotor craft application. 
Variable capacity cycles including single>shaft and free*lurbine 
engine configurations were analyzed to define an optimum engine 
design configuration Parametric optimizations were made on 
cooled and uncooled rotor configurations. A detailed structurol 
and heat transfer analysis was conducted to provide a 4000-hoUv' 
life HP turbine with material properties of the 1988 lime frame. 
A pivoted vane and a moveable Vdewalt geometry were analyzed. 
Cooling and variable geometry penalties were Included In the 
cycle analysis A variable geometry free*turbine engine configura- 
tion with a design 1477 K (2200 F) mlet temperature and a 
compressor pressure ratio of 16 1 was selected An uncooled 
HP radial turbine rotor with a moveable sidewall nozzle showed 
the highest performance potential for a time weighted duty 
cycle Author 


N62>31326*# Georgia Inst, of Tech., Atlanta. School of 
Aerospace Engineering. 

DEVELOPMENT OF A SPINNING WAVE HEAT ENGINE Final 
Raport 

B. T. Zinn, E. A. Powell, and J. E. Hubbartt Aug. 1982 100 p 

refs 

(Grant NAG3-96) 

(NASA-CR-1 65611; NAS 1.26:165611) Avail: NTIS 

KCA05/MFA01 CSCL 21 E 

A theoretical analysis and an experimental Investigation were 
conducted to assess the feasibility of developing a spinning wave 
heat engine. Such as engine would utilize a large amplitude traveling 
acoustic wave rotating around a cylindrical chamber, and it should 
not suffer from the Inefficiency, noise, and intermittent thrust which 
characterizes pulse jet engines. The objective of this Investigation 
was to determine whether an artificially driven large amplitude 
spinning transverse wave could Induce a steady flow of air 
through the combustion chamber under cold flow conditions. In 
the theoretical analysis the Maslen and Moore perturbation 
technique was extended to study flat cylinders (pancake geometry) 
with completely open side walls and a central opening. In the 
parallel experimental study, a test moel was u^ed to determine 
resonant frequencies and radial pressure distributions, as well as 
oscillatory and steady flow velocities at the inner and outer 
peripheries. The experimental frequency was nearly the same as 
the theoretical acoustic value fci' a model of the same outer 
diameter but without a central hole. Although the theoretical 
analysis did not predict a steady velocity component, simultaneous 
measurements of hotwire and microphone responses have shown 
that the spinning wave pumps a mean flow radially outward through 
the cavity. Author 


N02-32367*# Avco Lycoming DIv., Stratford, Conn. 

SMALL AXIAL TURBINE STATOR TECHNOLOGY PROGRAM 
Final Report 

W. Brockett and A. Kozak Apr. 1902 09 p refs 
(Contract NAS3-22109; DA Proj, 1L1-62209-AH-76) 

(NASA-CR-.1 65602; NAS 1.26:165602; LYC-82-15) Avail: NTIS 
HC A05/MF A01 CSCL 21 E 

An experimental Investigation was conducted to determine the 
effects of surface finish, fillet radius, inlet boundary layer thickness, 
and free-stream Inlet turbulence level on the aerodynamic perfor- 
mance of a small axial flow turbine stator. The principal objective 
of this program was to help understand why large turbine efficiency 
is not maintained when a large turbine is scaled to a smaller size. 


The stator used In this program as a one-sixth scale of a 762 mm 
(30 In.) diameter stator design with 60 vanes having a vane height 
of 17 mm (0.666 in.) and an aspect ratio of 1.77. A comprehensive 
overall test matrix was used to provide a complete engineering 
understanding of the effects of each variable over the full range 
of all the other variables. The range of each variable Investigated 
was as follows: surface finish 0.1 micro (4 micro in.) to 2.4 micro 
(95 micro In ); boundary layer thickness 2 to 25 percent of channel 
height at each wall; fillet radius 0 mm (0 In.) to 1.0 mm (.040 In.) 
and turbulence 2 to 12 percent. Author 


N82«32370*# Lockheed-Qeorgla Co., Marietta. 

ADVANCED TURBOPROP TESTBED SYSTEMS STUDY. VOL- 
UME 1: TESTBED PROGRAM OBJECTIVES AND PRIORITIES^ 
DRIVE SYSTEM AND AIRCRAFT DESIGN STUDIES, EVALUA- 
TION AND RECOMMENDATIONS AND WIND TUNNEL TEST 
PLANS 

E. S. Bradley. B. H. Little, W. Warnock, C. M. Jenness, J. M. 
Wilson, C. W, Powell, and L Shoaf Cleveland, Ohio NASA. 
Lewis Research Center Jul. 1982 366 p refs 2 Vol. 

(Contract NAS3-22346) 

{NASA-CR-167920-VoM; NAS 1.26:167928-VoM; 
LG 8 IERO 202 -V 0 I-I) Avail; NTIS HC A16/MF A01 CSCL21E 
The establishment of propfan technology readiness was 
determined and candidate drive systems for propfan application 
were Identified, Candidate testbed aircraft were Investigated for 
testbed aircraft suitability and four aircraft selected as possible 
propfan testbed vehicles. An evaluation of the four candidates 
was performed and the Boeing KC-135A and the Gulf stream 
American Quifstream II recommended as the most suitable aircraft 
for test application. Conceptual designs of the two recommended 
aircraft were performed and cost and schedule data for the entire 
testbed program were generated. The program total cost was 
estimated and a wind tunnel program cost and schedule is 
generated In support of the testbed program. E.A.K. 


NS2-33390*# Akron Univ., Ohio. Dept, of Mechanical and Civil 
Engineering. 

ENGINE DYNAMIC ANALYSIS WITH GENERAL NONLINEAR 
FINITE ELEMENT CODES. PART 2: BEARING ELEMENT 

IMPLEMENTATION OVERALL NUMERICAL CHARACTERISTICS 
AND BENCHMAKING 

J, Radovan, M. Adams, J. Fertis, I. Zeld, and P. Lam Oct. 1982 
229 p refs 
(Grant NsG-3283) 

(NASA-CR-1 67944; NAS 1.26:167944) Avail: NTIS 

HCA11/MFA01 CSCL 21 E 

Finite element codes are used In modelling rotor-bearing- 
stator structure common to the turbine industry. Engine dynamic 
simulation Is used by developing strategies which enable the use 
of available finite element codes, benchmarking the elements 
developed are benchmarked by incorporation into a general 
purpose code (ADiNA); the numerical characteristics of finite 
element type rotor-bearing-stator simulations are evaluated through 
the use of various types of expliclt/imptlcit numerical Integration 
operators. Improving the overall numerical effldency of the 
procedure Is Improved. S.L 


N62'33391*f{^ Pratt and Whitney Aircraft Group, East Hartford, 
Conn. Commercial Products DIv. 

STRUCTURAL TAILORING OF ENGINE BLADES (STAEBL) 
Interim Report 

C. E. Platt, T. K. Pratt, and K. W. Brown Jun. 1982 359 p refs 
(Contract NAS3-22525) 

(NASA-CR-167949; NAS 1.26:167949; PWA-5774-21) Avail: NTIS 
HCA16/MFA01 CSCL 21 E 

A mathematical optimization procedure was developed for the 
structural tailoring of engine blades and was used to structurally 
tailor two engine fan blades constructed of composite materials 
without midspan shrouds. The first was a solid blade made from 
superhybrid composites, and the second was a hollow blade with 
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riMial matrix oomf’otHe inlays. Thraa major computtrlztd func^ons 
wara naadad to pomplata tha procadura: approximata anal]^ 
with tha astablishad input vaHablas, optimteation of an obfactiva 
fur>ctk)n, and refinad analysis for dasign varification. S.L 


N82«33392*# Teledyna Continental Motors, Mobile, Ala. Aircraft 
Products Div. 

EXHAUST EMISSIONS REDUCTION FOR INTERMITTENT COM- 

MUSTION AIRCRAFT ENGINES Final Raport 

Bernard J. Rezy, Kenneth J. Stuckas, J. Ronald Tucker, and Jay 

E. Mayors May 1882 55 p refs 

(Contract NAS3-19755) 

(NASA-CR-167914; NAS 1.26:167914) Avail: NTIS 

HCA04/MFA01 CSCL21E 

Three concepts which, to an aircraft piston engine, provide 
reductions In exhaust omissions of hydrocarbons and carbon 
monoxide while simultaneously improving fuel economy. The three 
chosen concepts, (1) an improved fuel injection system, (2) an 
Improved cooling cylinder head, and (3) exhaust air Injection, when 
combined, show a synergistic relationship in achieving these goals. 
In additbn, the benefits of variable ignition timing were explorad 
ar>d both dynamometer and flight testing of the final angina 
configuration were accomplished. S.L. 


N82-33393*# General Electric Co., Cincinnati, Ohio. Aircraft 
Engine Group. 

THE CFS JET ENGINE PERFORMANCE IMPROVEMENT: LOW 
PRESSURE TURBINE ACTIVE CLEARANCE CONTROL 

B. D. Beck and W. A. Fasching Jun. 1962 159 p refs 
(Contract NAS3-20629) 

(NASA-CR.165557; NAS 1.26:165557: R82AEB462) Avail; NTIS 
HC AOe/MF A01 CSCL21E 

A low pressure turbine (LPT) active clearance control (ACC) 
cooling system was developed to reduce the fuel consumption of 
current CF6-50 turbofan engines for wide bodied commercial 
aircraft, The program performance improvement goal of 0.3% delta 
sfc was determined to be achievable with an Improved impingement 
cooling system. The technology enables the design of an opti- 
mized manifold and piping system which Is capable of a perfor- 
mance gain of 0.45% delta sfc. E.A.K. 


N82-33394*# Pratt and Whitney Aircraft Group, East Hartford, 
Conn. Commercial Products Div. 

ENERGY EFFICIENT ENGINE; TURBINE TRANSITION DUCT 
MODEL TECHNOLOGY REPORT 

K. Leach and R. Thurlln Aug. 1982 113 p refs 
(Contract NAS3-20646) 

(NASA-CR-1 67996; NAS 1.26:167996; PWA-5594-215) Avail: 
NTIS HC A06/MF A01 CSCL21E 

The Low-Pressure Turbine Transition Duct Model Technology 
Program was directed toward substantiating the aerodynamic 
definition of a turbine transition duct for the Energy Efficient Engine. 
This effort was successful in demonstrating an aerodynamically 
viable compact duct geometry and the performance benefits 
associated with a low camber low-pressure turbine inlet guide vane. 
The transition duct design for the flight propulsion system was 
tested and the pressure loss goal of 0.7 percent was verified. 
Also, strut fairing pressure distributions, as well as wall pressure 
coefficients, were in dose agreement with analytical predictions. 
Duct modifications for the integrated core/low spool were also 
evaluated. The total pressure loss was 1.59 percent. Although the 
increase in exit area in this design produced higher wall loadings, 
reflecting a more aggressive aer^namic design, pressure profiles 
showed no evidence of flow separation. Overall, the results 
acquired have provided pertinent design and diagnostic Information 
for the design of a turbine transition duct for both the flight 
propulsion system and the integrated core/low spool. J.M.S. 
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A82-10457 * H Effects of vanc/blade ratio and spadns on fan 
noiia. R. A. Kantola (General Electric Co., Power Generation Group, 
Lynn, MA) and P. R. Gljebe (General Electric Co., Aircraft Engine 
Group, Cincinnati, QHj. American institute of Aeronautics and 
Astronautics, Aeroaci^ustics Conference^ 7th, Palo Alto, CA, Oct. 
5*7, rser, paper $i^203X 16 p. 11 refs. Contract No. NAS3-22062. 

The effects of vane/biade ratio and spacing on fan noise are 
investigated to develop a fan noise prediction scheme which is 
calibrated against experimental data. A 44 blade, 0.504 diameter fan 
is used to demonstrate the production of fan noise data free from 
excess noise caused by rotor turbulence Interaction. Two stator sets 
consisting of a cut-off set with 86 vanes, and a cut*on set of 48 vanes 
are uMd, with a total range of spacing from 0.5 to 2.3 rotor chords. 
The model includes viscous wake Interaction noise and the potential 
field interactions of both the rotor and sutor. A free-fieid acoustic 
environment is achieved by covering the walls, ceiling and floor with 
0.7 m polyurethane foam Wedges, providing less than + or ^ 1 dB 
standing wave ratio at 200 Hz. Only a 3 dB drop in tone level occurs 
as the spacing is increased from 0.5 to 2.3 rotor chords, and results 
indicate that the rotor wakes impinging on the stator vanes are the 
principal noise source for subsonic rotorspeeds. O.L.G. 


A82-11999* ^ Thermal axpantion accommodation in a jat 

•ngini frame. M. H. Schneider (General Electric Co., Cincinnati, 
OH). (American Society of Mechanical Engineers^ Gas Turbine 
Conference and Products Show, Houston, TX, Mar. 9 12, 1981.) 
ASME Transactions, Journal of Engineering for Power, vol, 103, Oct. 
1981, p. 776-780. Contract No. NAS3-20643. 

Design advancements to enhance stress accommodation in gas 
turbine engine frames are described. Consideration is given to 
mechanical stiffness to maintain an adequate spring rate, and to 
thermal stresses in both ambient and transient modes. Noting that 
thermal stresses occur due to differing temperatures at different parts 
of the frame, the matching of the thermal expansion rates of 
different structural materials is emphasized. Adequate stiffness is 
necessary to avoid dynamic reactions leading to case cracking as a 
result of normal imbalances of moving parts. Stress and deflection 
analysis of a total frame concept using a three-dimensional finite 
element stress analysis computer program, with modelling of at! 
frame components, Is presented, and iiiustrations are provided. 

M.S.K. 


A82-12120 * if On the pradiction of fwirling flowfittdi found 
in axliymmetric combustor gtometrlet. D. L. Rhode, D, G. Li Hey, 
and D, K. McLaughlin (Oklahoma State University, Stillwater, OK). 
In: Fluid mechanics of combustion systems; Proceedings of the 
Fluids Engineering Conference, Boulder, CO, June 22, 23, 1981. 
(A82-12101 02-34) New York, American Society of Mechanical 
Engineers, 1981, p. 257-266. 32 refs. Grant No. NAG3-74. 

The paper reports reseivch restricted to steady turbulence flow 
In axlsymmetrlc geometrfes under low speed and nonreacting 
conditions. Numericai computations are performed for a basic 
two-din‘r«nsional axisymmetrical flow field similar to that found (n a 
conven;:tonai gas turbine combustor. Caiculations include a stairstep 
boundary representation of the expansion flow, a conventional 
k-epsilon turbulence model and realistic accomodation of swirl 
effects. A preliminary evaluation of the accuracy of computed 
fiowfields is accomplished by comparisons with flow visualizations 
using neutrally-buoyant helium-filled soap bubbles ae tracer particles. 
Comparisons of calculated results show good agreement, and it is 
found that a problem in swirling flows is the accuracy with which the 
sizes and shapes of the recirculation zones may be predicted, which 
may be attributed to the quality of the turbulence model. D.L.G. 


A82-16909 * H V/STOL propulsion control technology. H. 
Brown (General Electric Co., Cincinnati, OH). American institute of 
Aeronautics and Astronautics and NASA Ames Research Center. 
V/StOL Conference, Palo Alto, CA, Dec. 7-9, 1981, A! AA Paper 
5r-2654. 10 p. Contract No. NAS3-22057. 

Results of a NASA sponsored study of V/STOL Propulsion 
Control Analysis are presented. The study involved propulsion 
control requirements, design concepts and procedures, and control 
designs for supersonic V/STOL. A variable cycle engine with a 
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rimott augmtntfd lift system was u^d as a basis for estabilshinj) 
typical oparatina requirements and control concepts, and a nonllr^ar 
aniline modal was developed for control development as a precursor 
to a real-time simulation capability* A simplified aircraft model was 
also used to investigate transition requirements, and a long-range 
technology plan was developed to define subsequent program 
requirements for achieving a real-time piloted simulation capability. 

D.L.G, 


At2-17788 • H A simple finite differenoe procedure for the 
vonax oontrolled diffuser. A. A. Busnalna and D. G. Lilley 
(Oklahoma State University, Stillwater, OK). American instituta of 
Aaronaotfct $nd Astn XL^Hict, Aeroapace Sciancag Maating, 20th^ 
Orlando, Ft, Jan, 1hl4, 1982, Papar 82-0109, 9 p, 21 refs. 
USAF-supported research* Grant No. NAG3-74. 

A simple prediction procedure for sudden expansion Incom- 
prtssibia flows is davelop^ and applied to the vortex controlled 
diffuser. Transient Navler-Stokes equations of an incompressible^ 
fluid are solved by means of their associated finite difference 
equations in terms of the primitive pressure velocity variables. A 
computer coda is developed using a l»ninar flow simulation with free 
slip or no slip wall boundary conditions. In addition, predicted 
results confim^ that effectiveness Increases with increase in duct 
length and bieed flow rate. D.UG. 


AS2-17796 * if An iterative finite element-integral technique 
for predicting sound radiation from turbofan Inlati In steady flight. 
S. J. Horowitz, R. K. SIgman, and B. T. ZInn (Georgia Institute of 
Technology, Atlanta, GA). Amarican Institute of Aaronautics and 
Astronautics, Aarospace Sciences Meeting, 20th, Orlando, FL, Jan. 
1 /- 14, 1982, Paper 82-0124 . 9 p. 23 refs. Grant No. NsG-3036. 

A new Iterative solution technique for predicting the sound field 
radiated from a turbofan iniet in steady flight Is presented. The 
sound field Is divided Into two regions*, the sound field within and 
near the inlet which is computed using the finite element method 
anc^. the radiation field beyond the Inlet which is calculated using an 
integral solution technique. A continuous solution is obtained by 
miiitching the finite elema-^t and integral solutions at the Interface 
be'i:wMn the two ragions. The applicability of the iterative technique 
is demonstrated by comn^rison of experimental results with the 
theoretical results for several different Iniet configurations with and 
without flow. These examptes show that good agreement between 
experiment and theory is obtained within five iterations. (Author) 


A82-17836 * H Water ingestion Into jet engine axial compres- 
sors. T. Tsuchiya and S. N. B, Murthy (Purdue University, West 
Lafayette, IN). American Institute of Aeronautics and Astronautics, 
Aerospace Sciences Meeting, 20th, Orlando, FL, Jan, th14, 1982, 
Paper 82-0196, 11 p, 14 refs. Contract No. F33615-78-C-2401; 
Grant No. NAG3-62. 

An axial flow compressor has been tested with water droplet 
ingestion under a variety of conditions. The results illustrate the 
manner in whidi the compressor pressure ratio, efficiency and 
surging characteristics are affected. A mode) for estimating the 
performance of a compressor during water ingestion has been 
developed and the predictions obtained compare favorably with the 
test results. It is then shown that with respect to five droplet- 
Msociated nonlinearly-interactlng processes (namely, droplet-blade 
interactions, blade performance changes, centrifugal action, heat and 
mass transfer processes and droplet break-up), the initial water 
content and centrifugal action play the most dominant roles. 

(Author) 


A82-349a2 * # Blade lots translant dynamic analysis of turbomachi- 

nary. M. J. Stallone, V. Gallardo, A. F. Storace, L, J, Bach, G. Black, and E. F. 
Gaffney (Genera! Electric Co„ Cincinnati, OH). AIAA, SAE, and ASME, Joint 
Propulsion Conference, 16th, Cleveland, OH, June 21-23, 1982, AIAA Paper 
a2-f 057, 8 p. Contract No. NAS3-22053. 

This paper reports on work completed to develop an analytical method for 
predicting the transient non-linear response of a complete aircraft engine system 
due to the loss of a fan blade, and to validate the analysis by comparing the 
results against actual blade loss test data. The solution, which Is based on the 


component element method, accounts for rotor-to-caslng rubs, high damping and 
rapid deceleration rates associated with the blade lots event, A comparison of 
test results and predicted response show good agreement except for an Initial 
overshoot spike not observed In test The method is effective foranalysls of large 
systems. (Author) 


A82*350tl * # A comprehinaive method for f>reMmlnaiy deaign optlml* 

aation of axial gaa turbine atagee. B. M. Jenkins (Tuskegee Institute, Tus- 
kegee, AL). AIAA, SAE, and ASME, Joint Propulsion Confarance, 16th. 
Clavaland, OH, June 21-23, 1982, AIAA Paper 82-1264, 11 p, 15 refs. Grant No, 
NsG-3295. 

A method is presented that performs a rapid, reasonably accurate preliminary 
pitchtine optimization of axial gas turbine annular flcwpath geometry, as well as 
an initial estimate of blade profile shapes, given only a minimum of thermody- 
namic cycle requirements. No geometric parameters need be specified. The 
following preliminary design data are determined: (1) the optimum fipwpath 
geometry, within mechanical stress limits: (2) initial estimates of cascade blade 
shapes; (3) predictions of expected turbine performance. The method uses an 
Inverse calculation technique v/hereby blade profiles are generated by designing 
channels to yield a specified velocity distribution on the two walls. Velocity distri- 
butions are then used to calculate the cascade loss parameters. Calculated 
blade shapes are used primarily to determine whether the assumed velocity 
loadings are physically realistic. Model verification is accomplished by compari- 
son of predicted turbine geometry and performance with four existing single stage 
turbines. C.D. 


AS2-3S3i4 * # The Influertce of Coriolis forces on gyroscopic motion 

of spinning bfadea. F. Sisto. A„. Chang, and M. Sutcu (Stevens Institute of 
Technology, Hoboken, NJ). American Society of Mechanical Engineers, Interna- 
tional Gas Turbine Conference and Exhibit, 27th, London, England, Apr, 18-22, 
1982, Paper 82-GT-1 63. 6 p. 5 refs. Members, $2.00; nonmembers, $4.00. Grant 
No. NAG3-47, 

Turbomachine blades on spinning and precessing rotors experience gyroscopl- 
cally induced instabilities and forcing. With vehicle-mounted turbomachines, ei- 
ther constant or harmonic precession occurs, depending on vehicle or mount 
motion. Responses of uniform cantilever beams at arbitrary stagger, subjected 
to the noted rotor motion, are predicted in both self-excited and forced-excitation 
modes taking into account Coriolis acceleration. (Author) 


A02-3545O * # Progress In the devefopment of energy efficient engine 
components. R. W. Bucy (General Electric Co., Cincinnati, OH). American 
Society of Mechanical Engineers, International Gas Turbine Conference and 
Exhibit, 27th, London, England, Apr, 18-22, 1982, Paper 62-GT-27S, 1 p. 8 refs, 
Members, $2.00; nonmembers, $4.00. Contract No, NAS3-20643, 

Component test results are presented for the NASA Energy Efficient Engine 
program, whose design goals relative to the CF6-50C reference engine include 
a 12% reduction In specific fuel consumption, 5% reduction In direct operating 
costs, and 50% reduction In specific fuel consumption deterioration rate over the 
course of commercial service, Emphasis is placed on the engine's high pressure 
compressor, which has a design pressure ratio of 23:1 , and has completed a 
series of component tests whose resulting configuration is expected to m^et all 
major objectives of the program. Descriptions are given of the core engine and 
integrated core/low spoof tests, and system test benefits are discussed. Atten- 
tion Is given to the design features of the engine's double annular combustor, high 
and low pressure air turbines, and scale model exhaust mixer. O.C. 


ORIGIWAL PAGE IS 

OF POOR QUALITY 


09 RESEARCH AND SUPPORT 
FACILITIES (AIR) 

Inciudas airports, hangars and runways; aircraft repair and 
overhaul facilities; wind tunnels; shock tube facilities; and 
engine test blocks. 

For related Informatior? see also 14 Ground Support 
Systems end Fec/lities (Space), 


Ni2^t'9220*|j^ National Aeronautics and Space Administration. 
Lewis v'^es^tarch Center, Cleveland, Ohio. 

THE AEROSPACE TECHNOLOGY LABORATORY (A 
PERSPECTIVE. THEN AND NOW) 

James F. Connori and Robert G. Hr'ffman Feb. 1982 21 p 
refs 

{NASA-TM-82754; E-1070) Avaih NTIS HC A02/MF A01 
CSCL 14B 

The physical changes that have taken place in aerospace 
facilities since the Wright brothers' accomplishment 78 years 
ago are highlighted. For illustrative purposes some of the technical 
facilities and operations of the NASA lewis Research Center 
are described. These simulation facilities were designed to support 
research and technology studies in aerospace propulsion. Author 


N82-323B3*# Pratt and Whitney Aircraft Group, East Hartford, 
Conn, Energy Efficient Engine Component Development and 
Integration Program. 

ENERGY EFFICIENT ENGINE: HIGH PRESSURE TURBINE 
UNCOOLED RIO TECHNOLOGY REPORT 

W. B. Gardner Oct. 1979 242 p refs 
(Contract NAS3-20646) 

(NASA-CR-165149; NAS 1.26:165149; PWA-5594-92) Avail: NTIS 
HCA11/MFA01 CSCL14B 

Results obtained from testing five performance builds (three 
vane cascades and two rotating rigs of the Energy Efficient Engine 
uncooled rig have established the uncooled aerodynamic efficiency 
of the high-pressure turbine at 91.1 percent. This efficiency level 
was attained by increasing the rim speed and annulus area (AN(2)), 
and by increasing the turbine reaction level. The increase In 
AN(2) resulted In a performance Improvement of 1.15 percent. At 
the design point pressure ratio, the increased reactbn level rig 
demonstrated an efficiency of 91.1 percent. The results of this 
program have verified the aerodynamic design assumptions 
established for the fnergy Efficient Engine high-pressure turbine 
component. Author 


13 ASTRODYNAMICS 

Includes powered and free^ftlght traiectoHes; and orbit and 
launching dynamics. 


Nt;i>2a336*/)l National Aeronautics and Space Administration 
Lewis fteSearch Center, Cleveland. Ohio, 

MATfRIAL AND PROCESSING NEEDS FOR SILICON 
SOLAR CELLS IN SPACE 

Henry W. Brandhorst. Jr /n NASA. Marshill Space Flight 
Center Float Zone Workshop Sep, 1981 p 33-41 (For primary 
document see N82-26330 17.12) 

Avail; NTIS HC A10/MF AOI CSCL 22A 

The technical concerns of NASA in the area of space grade 
solar colls are summarized Solar power needs are projected 
through 1987, The degradation of solar cell performance due to 
the effects of radiation on imf^^urtties and crystal defects and 
the improved performance of float zone silicon are illustrated. 
The reduction of oxygen and carbon in float zone silicon allows 
for much faster tow temperature annealing of the defects The 
effects of improved crystal purity on cell performance are 
summarized J.D, 
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A82*3M17 * # A tmill scale lunar launcher for early lunar matarlal utili- 
zation. W. R. Snow, J. A. Kubby, and R. S. Dunbar (Princeton University, Prince- 
ton, NJ), In: Space manufacturing 4; Proceedings of the Rfth Conference, 
Princeton, NJ, May 18-21, 1981. (A82-35601 17-12) New York, AmeHcan Insti- 
tute of Aeronautics and Astronautics, 1981, p. 157*171. 12 refs, Grant No. NsG- 
3176. 

A system for the launching of lunar derived oxygen or raw matehais into low 
lunar Orbit or to L2 for transfer to low earth orbit is presented, The system 
described is a greatly slmplifiod version of the conventional and sophisticated 
approach suggested by O'Neill using mass drivers with recirculating buckets. An 
electromagnetic accelerator Is located on the lunar surface which iaunches 125 
kg ’smart’ containers of liquid oxygen or raw materials into a transfer orbit. Upon 
reaching apoiune a kick motor Is fired to circularize the orbit at 100 km altitude 
or L2, These containers are collected and their payloads transferred to a tanker 
OTV. The empty containers then have their kick motors refurbished and then are 
returned to the launcher site on the lunar surface for reuse, initial launch capabil- 
ity is designed for about 500T of liquid oxygen delivered to low earth orbit per year 
with upgrading to higher levels, delivery of lunar soil for shielding, or raw materials 
for processing given the demand. (Author) 


A82-35618 * # The supply of lunar oxygen to tow earth orbit. D. 

Andrews (Boeing Co., Seattle, WA) and W. R. Snow (Princeton University, Prince- 
ton, NJ). (n: Space manufacturing 4; Proceedings of the Fifth Conference, Prince- 
ton, NJ, May 18-21, 1981. (A82-35601 17-12) New York, American Institute of 
Aeronautics and Astronautics, 1981, p. 173-179. Grant No. NsG-3176. 

Since oxygen makes up 86% of the total mass of propellants which would 
normally have been brought up from the earth to LEO, considerable savings are 
available if this oxygen can be obtained from the moon for little Delta-V penalty. 
This paper presents a scenario in which 400 T/yr of LOX is delivered to LEO, with 
the ability for upgrading to 5000 T/yr. In this scenario, cylindrical tanks of liquid 
oxygen with a mass of 500 kg are launched from the lunar surface by a mass 
driver and rendezvous with a collection station in a 100-km lunar orbit. The 
oxygen Is removed from each tank and placed Into a tanker OTV which later will 
transfer from low lunar orbit to LEO with an aerotsiiiktYig maneuver. Launch 
requirements for aerobraked chemical OTVs using earth oxygen are compared 
to those using lunar oxygen. B.J. 
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1 4 GROUND SUPPORT SYSTEMS AND 
FACILITIES (SPACE) 

Includes launch comple)(e8, research and production 
facilities; ground support equipment, mobile transporters; and 
simulators. 

For related Information see also 09 Research Support 
Fecitities (Air). 


A82*18310 * a Ttstins of a tpactcraft modal in a oomblnad 
anvironmant limulator, J. V, Staskus and J. C. Roche (NASA, Lewis 
Research Center, Cleveland, OH)* (t££B, US. Defsnse Nuclear 
Affeacy^ NASA, and DOB, Annual Conference on Nuclear and Space 
Radiation Effects, 18th, Seattle, WA, July 2U24, 1981) IEEE 
Transactions on Nuclear Science, vol. NS-28, Dec, 1981, p, 
4509-4512. 7 refs. 

A scale model of a satellite was tested In a large vacuum facility 
under electron bombardment and vacuum ultraviolet radiation to 
Investigate the charging of dielectric materials on curved surfaces. 
The model was tested both stationary and rotating relative to the 
electron sources as welt as grounded through one megohm and 
floating relative to the chamber. Surface potential measurements are 
presented and compared with the predictions of computer modelling 
of the stationary tests» Discharge activity observed during the 
stationary tests Is discussed and signals from sensing devices located 
Inside and outside of the model are presented. (Author) 


AS2-44SS9 ^ # FMtIbUlty of an •arth-to-apaco rail launchsr syatam. E 

E. Rice, 1, A. Miller (BaUelle Columbus Laboratories, Columbus, OH), R. A. 
Marshall (Australian National University, Canberra, Australia), and W. R. Ker* 
slake (NASA, Lewis Research Center. Propulsion Systems Technology Section, 
Cleveland, OH). International Astronautical Federation, International Astronaut!- 
cal Congress, 33rd, Paris, France, Sept 2T-Oct 2. 19B2, Paper 82-46, 9 p. 6 refs. 
Contract No. NAS3-22882. 

The feasibility of earth-to^space electromagnetic (rallgun) launchers (ESRL) Is 
considered, in order to detern; line their technical practicality and economic vlabIL 
ity. The potential applications of the launcher Include nuclear waste disposal into 
space, deep space probe launches, and atmospheric research. Examples of 
performance requirements of the ESRL system are a maximum acceleration of 
10,000 g's for nuclear waste disposal in space (NWDS) missions and 2,500 g's 
for earth orbital missions, a 20 km/sec launch velocity for NWDS missions, and 
a launch azimuth of 90 degrees E. A brief configuration description is given, and 
test results indicate that for the 2020-2050 time period, as much as 3.0 MT per 
day of bulk material could be launched, and about 0.5 MT per day pf high-level 
nuclear waste could be launched, For earth orbital missions, a significant projec- 
tile mass was approximately 6.5 MT, and an integral distributed energy store 
launch system demonstrated a good potential performance. ESRL prove to be 
economically and environmentally feasible, but an operational ESRL of the 
proposed size Is not considered achievable before (he year 2020. R.K.R. 


N82-29346*)j( Battelle Columbus Lsbs , Ohio 

PRELIMINARY FEASIBILITY ASSESSMENT FOR EARTH- 
TO-SPACE ELECTROMAGNETIC (RAILGUN) LAUNCHERS 
Final Tachnicat Raport, May 1981 - Jun. 1982 

Eric E. Rice, L. A Miller, and R W Earhart 30 Jun 1982 
403 p refs 

(Contract NAS3-22882) 

(NASA-CR- 167886; NAS 1 26 167886) Avail: NTIS 

MC A18/MF A01 CSCL 14B 

An Earth tp space electromagnetic (railgun) launcher (ESRL) 
for launching matena) mto space was studied Potential ESRL 
applications were identified and initially assessed to formulate 
preliminary system requirements The potential applications 
included nudear waste disposal in space, Earth orbital applications, 
deep space probe launchers, atmospheric research, and boost of 
chemical rockets. The ESRL system concept consisted of two 
separate railgun launcher tubes (one at 20 deg from the horizontal 
for Earth orbital missions, the other vertical for solar system 
escape disposal missions) powered by a common power plant. 
Each 2040 m launcher tube is surrounded by 10,200 homopoiar 
generator/inductor units to transmit the power to the walls. 
Projectile masses are 6500 kg for Earth orbital missions and 
2055 kg for nuclear waste disposal missions. For the Earth 


orbital miiilons. the pro|tctila raquirts a propulsion systtm, leaving 
an astimatad paylc^ mass of 650 kg. For tha nudaar wasta 
disposal in space mission, tha high laval wasta mass was astimatad 
at 250 kg This preliminary assessment includad tachnicat. 
environmental, and economic analyses S.L. 


A82-18319 * NASCAP simutatton of laboratory charting 

taiU mint multipla electron guns. M, J, Mandell* 1. Katz, and D, E. 
Parks (Systems, Science and Sbftwirt, La JolUi CA), (IEEE, US, 
Defense Ruclear Agency, NASA^ and DOEi Anrm! Conference on 
Nucleer end Space Radiation Effects, 18th^ Seattle, WA, July 21*24, 
1981,} IEEE Trenseettons on Nuclear Science, vol. NS*28, Dec. 
1981, p. 4668-4570, 10 refs. Contracts No. NAS3-22536; No. 
DNA00V79-C-0079. 

NASCAP calculations have been performed simulatingaxposure 
of a spacecraft-like model to multipfe electron guns. The results agree 
well with experiment. It Is found that magnetic field affects are fairly 
small, but substantial differential charging can result from altctron 
gun placement. Conditions for surface flathovor are readily achieved. 

(Author) 


AI2-4824$ * # RtaMImo microcomputttr timulttlon for aptco Shuttle/* 

Cantaur avionlca. Q. P. SzatkowskI and H. C. Nalander (General Dynamics 
Corp., Convair Dlv,, San Diego, CA), Society for Computer Simulation, Confer* 
ence for Modeling and Simulation on Microcomputer Systems, San Diego, CA, 
Jan, 28-30, 1982, Paper, 6 p. Contract No, NAS3-22324. 

The design of a simulator system for emulating the characteristics of Shuttle/* 
Centaur avionic support equipment for launching the Solar Polar Mission and the 
Galileo probe are discussed. The simulators are being constructed on a modular 
basis for the Centaur control avionics, the Centaur Airborne Support Equipment 
avionics, the tanking skid ground support equipment, development mechanisms, 
the tanking skid ground support equipment, ^pioyment mechanisms, the tanking 
onboard fluid functions, the star scanner guidance update avionics, the Orbiter 
command Interface avionics, and the Qrblter power tystam. Each &lmy|alor por* 
trays the actual working conditions, Including signal delay times tnd harnessing. 
Block diagrams are provided of the interfaces and a flow diagram is presented 
of the software. M.S.K. 
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1 5 LAUNCH VEHICLES AND SPACE 
VEHICLES 

Includes bootterst manned orbital laboratories; reusable 
vehicles; and space stations. 


A82*12623 ^ AdmoMi 30/20 GHi oommunicttion Mt«l* 

littt, j, N, fMVO (NASA, Levyis Research Center* Cleveland, OH). In? 
The Space Shuttle • Its current status and future Impact; Proceedings 
of the Aerospace Congress and Exposition, Los Angeles, CA, October 
13*16, 1980. (A82-12617 02-16) Warrendale, PA, Society of Auto- 
motive Engineers, Inc., 1981, p, 75*81* 

Increasing demands for satellite communications channels have 
filled the C-band, have begun to fill the Ku*band, and have resulted 
In a developmental effort to utilize 2.5 GHz of the 30/20 GHz Ka 
band. Problems of rain attenuation In the Ku and Ka bands are 
explored, and solutions are Indicated In the use of antenna gain 
coupled with ground terminal site diversity, and higher satellite 
power capabilities. Tradeoffs In satellite design are focused on the 
number of reflectors, Increased f/d, gain and sidelobe performance, 
and total satellite capacity. The NASA 20/3C GHz program Is 
described, including design features of two test systems to be 
launched tn the 1980's to examine the functioning limits of two 
baseline systems. D.H.K, 


ORIGINAL PAGE 
OF POOR QUALI 


Ni2-27331*j|( Syatematics General Corp.. Sterling. Va. 

COMMUNICATIONS SATELLITE SYSTEMS CAPACITY 
ANALYSIS Final Report 

Larry Browne. Taylor Hines, and Brian Tunstall Jun. 1682 
114 p reis 

(Contract NAS3>22886) 

(NASA-CR- 167911; NAS 1.26:167911) Avail: NTIS 

HC A06/MF AOl CSCL 22B 

Analog and digital moduletion techniques are compared with 
regard to efficient use of the geostationary orbit by communlca- 
ti<ms satellites. Included Is the definition of the baseline systems 
(both space and ground segments), determination of interference 
susceptibility, calculation of orbit spacing, and evaluation of relative 
costs. It is assumed that voice or TV is communicated at 
14/11 GHz using either PM or QPSK moduletion. Both the 
PiKed- Satellite Service end the Broadcasting-Satellite Service art 
considered. For most of the cases examined the digital approach 
requires e satellite spacing less than or equal to that required 
by the analog approach. T.M. 


A82-350a2 * # Shuttle to GEO propulsion tradeoffs. C. L. Dailey (TRW, 
lnc>, Redondo Beach, CA) and R. M. Lovberg {California, University, La Jolla, 
CA). AIAA, SAE, Bnd ASME, Joint Propulsion Conference, 18th, Clov^land, OH, 
June 2h23, 1982, AIAA Paper 82’1245, 7 p. Contract No. NAS3-22t61. 

An analysis has been made over a range of thruster, spacecraft and mission 
parameters to determine optimum electric propulsion requirements for LEO to 
GEO transfer missions, For this mission solar cell cover thicknesses of four to six 
mils each side appear to be an optimum compromise between mass and power 
loss due to radiation damage. The optimum range of thruster specific Impulse for 
this mission is roughly from 1500 to 3000 seconds. Thrusters limited to much 
lower values of specific impulse and those requiring much higher specific Impulse 
for good efficiency require substantially greater transfer times, (Author) 


AB2-36286 * # Ctntaur capabllltiet for communications aatalllta laun- 
ches. W. F. Rector, ill (General Dynamics Corp,, Gonvair biv., San Diego, CA), 
American Institute of Aeronautics and Astronautics, Communications Satellite 
System Conference, 9th, San Diego, CA, Man 8, 1982, Paper 82-0558, 6 p. 
Contracts No. NAS3-2291 4; No. NAS3-22901. 

The configurations, payload capabilities, and payload envelopes for Centaur in 
various applications are presented. The Centaur launch record is summarized 
and the Atlas/ Centaur launch schedule is shown. Improvements in capability are 
reported on, and current and proposed vehicles are depicted. Dual Delta class 
spacecraft will be flown using a tandem adapter or large direct broadcast satel- 
lites in a single launch model. Shuttle/Centaur will permit spacecraft weights of 
up to 14,000 lb to be put into orbit, Including payload lengths up to 40 ft A new 
capability to transfer large deployed space systems from the Shuttle to hlgh- 
altitude orbits at low thrusts will be available, Spacecraftiengths requiring the full, 
60-foot cargo bay and weighing 20,000 lb could be placed in geosynchronous 
orbit with on-orbit rendezvous and assembly of the Centaur and spacecraft In low 
earth orbit. C.D. 
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16 SPACE TRANSPORTATION 

Inckidot ptsstn^or and cargo spaca transportation a.g , 
shuttia oparations; and raocua tachrilquas. 

For ralat^ Information saa also 03 Air Tnmsport$Hon 
and Safoly Mnd B5 Urimn Technology and Trensportetion, 


A82‘10124 * y D«tifn ind mification of • multipla fault 
tolarant control tytttm for STS appllcatlem u«ns computer ilmula* 
tion, G, P, Szatkowski and J, C, Karas (General Dynamics Corp.» 
Convaif Dlv., San Diego, CA), In: Computers in Aerospace Confer- 
ence, 3rd, San Die^, CA, October 26-28, 1981, Collection of 
Technical Papers, (A8200076 01*59) New York, American Institute 
of Aeronautics and Astronautics, 1961, p, 34^357, Contract No, 
NAS322324, (AIAA 81.2173) 

General Dynamics/Convafr is under NASA contract to integrate 
the Centaur upper stage into the space transportation system for 
future planetary missions. This requires that control of all safety 
critical functions be two*fallure tolerant. The control system 
developed consists of five asynchronous computers, each contrib* 
uting at their outputs to a 3*out*of*5 voting plane. Subsystem control 
is based on an end function redundancy management scheme. 
Analysis of multiple component failures and vyorst*ca$e time-phase 
asynchrony among the computers Is performed by a real-time 
computer simulation. The simulation emulates the hardware and 
subsystem interfaces, wire by wire, providing assessibility to any 
component for the insertion of preprogrammed failures. Observ- 
ability is provided via a graphics system and diagnostic software. The 
simulation provides an engineering tool where the Integrity of 
control system hardware and Imbedded software can be demon- 
strated. (Author) 
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17 SPACECRAFT COMMUNICATIONS, 
COMMAND AND TRACKING 

Includes telemetry; space communications natworka; 
astronavlgation; and radio blackout. 

For related Information see 04 Akcraft Communica- 
tions and Navigation and 32 Communications, 


National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 
aATiLUTE-AIDEO LAND MOHLE COMMUNICATIONS 
SYSTEM IMPLEMENTATtON CONSIDENATIONS 
Bruce E LeRoy 1982 10 p refs Presented at the Intern, 
Commun, ConL* Philadelphia, 16*19 Jun, 1982 
(NASA-TM*8286t; E*1229; NAS 1,16182861) Avail; NTIS 
HC A02/MP A01 CSCL 09F 

It was proposed that a satellite*based land mobile radio 
system could effectively extend the terrestrial cellular mobile 
system Into rural and remote areas. The market, technical and 
economic feasibility for such a system Is studied. Some of the 
aspects of Implementing an operational mobile-satellite syetem 
are discussed. In particular, two key fac«v,V‘. in implementation 
are examined: (1) bandwidth requirement^; and (2) frequency 
sharing. Bandwidth requirements are derived based on the satellite 
antenna requirements, modulation characteristics and numbers 
of subscribers. Design trade-offs for the satellite system and 
potential implementation scenarios are identified. Frequency 
sharing is examined from a power flux density and modulation 
viewpoint. B.W, 


ORIGINAL PAGE IS 
OF POOR QUALITY 


A8227224 * OperHoop nenmecond-fynchronlzadon for 

wideband satellite communlcadont. W, M. Holmes, Jr. (TRW Defense 
and Space Systems Group, Space Systems Dlv., Redondo Beach, 
CA). In: ITC/USA/'BO; Proceedings of the International Telemeter- 
ing Conference, San Diego, CA, October 14-16, 1980. (A82- 
2717012-32) Research Triangle Park, NC, Instrument Society of 
America, 1980, p. 543-547, Contract No. NAS3-22341. 

A synchro nliat Ion technique for use with an onboard processing 
satellite communication system is discussed. The^saielilte oscillator Is 
used both as the system tinoe refererKe arvri as frequency source 
for all downlink carriers and data clocks, Dowr)link timing Is 
established at each system earth terminal through a oonibinatlon of 
carrier and data-clock tracking and a downlink timing epoch signal 
consisting of one bit per TDivi’A data burst. Uplink timing Is 
established by an open-lrop range prediction process using precision 
ephemerides calculated and distributed by the central control 
station. Overall timing accuracy of the uplink signal at the sateiiite 
receiver of + or - 7 nanoseconds permits unambiguous identification 
of each data bit position In a 128 Mbps TDMA burst. This Is 
accomplished by means of simple, inexpensive terminal hardware 
using available crystal oscillators for tlme/frequency references and 
digital synthesis techniques that may be Implemented in digital bSI 
chips. C.R. 


A82-36925 * 4 Microwave intaraatalllta links for communicatlona aa« 

taWtai. Q. R. Welti (COMSAT Laboratories, Clarksburg, MD). ins^tuts ot Electri- 
cal and Electronics Engineers, International Conference on Communications, 
Philadelphia, PA, June 14-17, 1982, Paper, 5 p. 9 refs. Research sponsored by 
the international Telecommunications Satellite Organization; Contract No. NAS3- 
22905. 

Applications and Interface requirements for Intersatellite links (ISLs) between 
commercial communications satellites are reviewed, ranging from tSLs between 
widely separated satellites to ISLs between clustered satellites. On-board pro- 
cessii^ architectures for ISLs employing a variety of modulation schemes are 
described. These schemes include FM remoduiatlon and QPSK regeneration in 
combination with switching and buffering. The various architectures are com- 
pared in terms of complexity, required performance, antenna size, mass, and 
power. 
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18 SPACECRAFT DESIGN, TESTING AND 
PERFORMANCE 

Includes spacecraft thermal and environmental control; 
and attitude control. 

For life support systems see 54 Man/System Tachnokw 
and Ufa Support. For related information see also OSMcratt 
DoslgHf Testing and PerforrnancB ax\6 39 Structural Macharh 
ice. 


Naa-moe^iP National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

TESTING OF A SFACECilAFT MODEL IN A COMSINED 
ENVIRONMENT SIMUUTOR 

J. V. Steskus and J. C. Roche 1981 11 p refs Presented at 
the 18th Ann. Conf on NucL and Space Radiation Effects, Seattle, 
20*24 Jut. 1981 

(NASA-TM*82723; E*1024) A»ail; NT|S KC A02/MF Am 
CSCL 22B 

A scale model of a satellite was tested In a large vacuum 
facility under electron bombardment and vacuum ultraviolet 
radiation to Investigate the charging of dielectric materials oh 
curved surfaces The model was tested both stationary and rotating 
relative to the electron sources as well as grounded through 
one megohm and floating relative to the chamber. Surface potential 
measurements are presented and compared with the predictionB 
of computer modelling of the stationary tests, Discharge activity 
observed during the stationary tests is discussed and signals 
from sensing devices located inside and outside of the model 
are presented. M.G. 


N82-t1107*|lf National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

VOLTAGE GRADIENTS IN SOLAR ARRAY CAVITIES AS 
POtSISLE BREAKDOWN SITES IN SPACECRAFT* 
CHARQING*INDUCED DISCHARGES 

N. John Stevens, Htiton E. Mills, ind Lisa Orange 1961 10 p 
refs Presented at the Ann. Conf. on Nucl. and Space Radiation 
Effects, Seattle, 21*24 Jul. 1981 

INASA-TM-82710; E-1003) Avail; NTIS HC A02/MF AOl 
CSCL 10B 

A possible explanation for environmentally'induced discharges 
on geosynchronous satellites exists In the electric fields formed 
in the cavities between solar cells * the small gaps formed by 
the cover slides, fplar cells, metallic interconnects and insulating 
substrate. When exposed to a substorm environment, the cover 
slides become less riegatively charged than the spacecraft 
ground If the resultant electric field becomes large enough, then 
the interconnect could emit electrons (probably by field emission) 
which could be accelerated to space by the positive voltage on 
the covers. An expenmentai study was conducted using a small 
solar array segment In which the interconnect potential was 
controlled by a power supply while the cover slides were irradiated 
by monoenergetic electrons. It was found that discharges could 
be triggered when the interconnect potential became at least 
500 volts negative with respect to t)ie cover slides. Analytical 
modeling of satellites exposed to substorm environments indicates 
that such gradients are possible. Therefore, it appears that this 
trigger mechanism for discharges is possible. T.M, 


N82* 14213*1)1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

SPACECRAFT CHARGING TECHNOLOGY. 1BS0 
Washington Oct. 1901 1005 p refs Conf, held in Colorado 

Springs, 12*14 Nov. 1980; sponsored by AFGL ind NASA Lewis 
Research Center 

(NASA-CP-2182; AFGL-TR-0 1-0270) Avail; NTIS 

HC A99/MF AOr CSCL 22B 

The third Spacecraft Charging Technology Conference 
proceedings contain 66 papers on the geosynchronous plasma 
environment, spacecraft modeling, charged particle environment 
interactions with spacecraft, spacecraft materiTils cf'V.acterization, 
and satellite design and testing. The proceedL*^ is a compilation 
of the state of the art of spacecraft charging r^od environmental 
interaction phenomena. For individual titles, see N82-14214 
through N82-1 4275. 


ORIGINAL PAGE IS 
OF POOR QUALITY 

Iii2«14281*jif National Aeronautics and Space Administration, 
Lewie Research Center, Otvelend, Ohio, 

•CATHA f^FM CHARGING RESFDNBEt NA8CAP 
FREDl^lSa^A COMPARED WITH DATA 
Carolyn K. Purvte end John Steskus In Its Spacecraft Charging 
TectNiolM 1980 Oct, I960 pS92-607 refs (For primary document 
SM N62-14213 05*18) 

Avail; NTIS HC A99/MF AOl CSCL 22B 

Models for the satellite surface potential rnonitor (SSPM) 
units constructsd in the NASCAP code end the results of 
oolmpering predictions to surface voltage and baseplate current 
data are reported. Several pacufiarltlas in the test data are noted, 
PraHminafy rasuhs from space simulations of a SCATHA modal 
with anvironmants raprasantativa of the day 87, 1878, aclipsa 
ln)action avant era prasantad, and their implications for predicting 
space response are discussed. E.A.K, 


Ni2*14286*/|( National Aeronautics and Space Administration. 
Lawia Research Center, Qeveiand. Ohio. 

COMPARISON OF NASCAP MODELUNG RESULTS WITH 
LUMPED CIRCUIT ANALYSIS 

David B, Stang and Carolyn K. Purvis In its Spacecraft Charging 
fachnol., 1980 Oct, 1980 p 665-683 refs (For primary document 
sea NS2-14213 05-18) 

Avail: NTIS HC A99/MF AOl CSCL 228 

Engineering design tools that can be usad to predict the 
dayalopmant of absolute and differential potentials by realistic 
spacecraft under geomagnetic substorm condKtons are Ascribed. 
Two types of snelyses are in use: (1) the NASCAP code, which 
computes quasiststic charging of geometrically complex ob|acti 
with multiple surface materials In three dimensions; (2) lumped 
alemant equivalent circuit models that are tiled for analyses of 
particular spacecraft. The equivalent circuit models require vary 
little computation time, however, they cannot account for affects, 
such as the formation of potential barriarr., that are inharantly 
multidimansional. Steady state potentials of structure and 
Insulation are compared with those resulting from the equivalent 
circuit model, EA.K. 


NS2-142B9*){( National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio, 

ANALYTICAL MODEUNG OF 9ATELUTE8 IN GEOSYN- 
CHRONOUS ENVIRONMENT 

N, John Stevens in its Space Charging Technol., 1960 Oct, 
1980 p lM-12^ refs (For primary document see N82-14213 
05-18) 

Avail: NTIS HC A99/MF AOl CSCL 228 

Experiences with surface charging of geosynchronous satellites 
are reviewed and mechanisms leading to discharges on satellite 
surfacee are considered, ft was found that the targe differential 
voltages between tho surface end the substrate required to produce 
maMive laboratory discharges do not occur on satellites in space. 
Analytical modeling predictions supported by dielectric charging 
data from P76-2, SCATre. (Spacecraft Charging at High Altitudes) 
flight results are discussed. Ungrounded insulator areas, buried 
charge layers (due to mid -energy range particias). and positive 
differential voltages (where structure voltages are less nagative 
than surrounding dielectric surface voltages) are considered as 
poaoible mechanisms producing satellite charge up. J.D.H. 


N92*14283*])l National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

USE OF CHARGING CONTROL GUIOELINDS FOR QFO- 
9YNCHRONOU9 SATELLITE DESIGN STUDIES 

N. John Steves in its Spacecraft Charging Technol.. 1980 Oct. 
1980 p 789-801 refs (For primary document see NB2-14213 
05-18) 

Avail: NTIS HC A99/MF AOl CSCL 229 

Several of the principle guidelines from the Spacecraft 
Charging Design Guidelir;es Handbook are presented with 
illustrative examples. Use of the geomagrietic substorm specifica- 
tion to qualify satellite designs, the evaluation of satellita designs 
by using analytical modelling techniques, the use of selected 
materials and coatings to minimize charging, the tying of all 
conducting elements to a common ground, and the use of electrical 
fiHering to protect circuits from discharge induced upsets a^e 
discussed, Discharge criteria and SCATHA data are excluded. 

iO.H. 
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Mt-14271*| Nitlonat Aaronautics and Spaca Administration, 
(jtwia RaaMrch Cantar, Qavaland, Ohio. 

ACRtlMIMT FOR NAM/OAAT * URAF/AF8C 8RACE 
INTiRDfPiNOENCV ON RRACECRArT ENVIRONMENT 
INTERACTION 

C. Fika (AFGU and N. John Stavans tn its Spacacraft Charging 
1M0 Oct. 1910 p 91 2*930 raft (For primaiy documant 
aaa N82*14213 05>^18) 

AviM: NTIS HC A99/MF A01 CSCL 22B 

A joint AF/NASA comprahantiva program on spacacraft 
•nvi^ionmant intaractions consists of combinad contractual and 
In houoa afforts aimad at understanding spacacraft anvironmant 
inaraction phanomana and relating ground test results to spaca 
condftiona. Activitiac ir»cluda: (1) a concerted effort to Idt^^tify 
project ralatad anvironrhantaj interactions; 12) a materials 
invaatigation to measure the basic properties of materials and 
develop or modify materials as needed : and (3) a ground simulation 
invaatigation to evaluate basic plasma intaractb/i phenomena 
and provide inputs to the analytical modeling investigation. 
Systama performance Is evaluated by both ground tests and 
analysis. There IS an environmental impact investigation to 
determine the effect of future large spacecraft on the charged 
particle environment. Space flight investigations are planned to 
verify the results. The products of this program are test 
standards and design guidelines which summari 2 e the technology, 
specify test erherte. and provide techniques to minimize or 
eliminate system interaction^ with the charged particle environ* 
rpant. A.R.H, 


N92-19311*^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

DESIGN PRACTICES FOR CONTROLUNG SPACECRAFT 
CHARGING INTERACTIONS 

N. John Stevans 1982 21 p refs Presented at the 20th 

Aarospaca Scl Mealing. Orlando. Fla.. 11-14 Jan. 1982: 
sponsored bv AIAA 

(NASA-TM-82781; E-1112) Avail; NTIS HC A02/MF AG1 
CSCL 22B 

A design guidalinet hsndbook prepared to provide criteria 
for assessing and minimizing spacecraft charging interactions is 
datcribad. An evaluation phitcaophy of analyzing specific satellite 
designs in a substorm environment specification with NASCAP 
is proposed, Critaria for possibla discharges are given and a 
technique for computing the discharge transients is outlined. The 
charging of a three axis stabilized satellite Is examined to iiluEtrst^ 
the philosophy. Possible discharge locations are found and 
transients computed. The effect of changing selected surface 
coatings is evaluated and fouil4 substantially reduce chC7ging 
levels. J.M.S. 


N82-23261*)|i National Aeronautics and Space Administration. 
Lewis Rosearch Center. Cleveland. Ohio. 

ENVIRONMENTALLY INDUCED DISCHARGES ON SATEL- 
LITES 

N, John Stevens 1982 14 p refs Presented at the 2nd EMC* 
Seminar. Noordwijk. Netherlands. 11-13 May 1982; sponsored 
by ESTEC 

{NASA-TM-82849; E-1219; NAS 1.15:82849) Avail: NTIS 
HC A02/MF A01 CPCL 22B 

The problem of asse../^“^ hazards to geosynchronous satellite 
systems from geomagnetic ^torm encounters Is Investigated. 
The available space flight data, coupled with analytical modeling 
stM.dies. show that only relatively low differential charging Is 
possible from environmental encounters. Using an analytical study 
C ' . discharge event on SCATHA. a discharge process is postulated 
where a small amount of charge is lost to space. These 
characteristics could ther; be used as inputs to a coupting model 
to determine the hazard to a spacecraft. The procedure is applied 
to a thriiie axis stabilized satellite design. B.W. 


A82-17872 * H Validation of the NASCAP model uiing ipaot* 
flight data. P. R. Stannard^ I, Katz (Systems, Science and Softwr:^ , 
La Jolla, CA)^ t. Gedeon, J Roche (NASA, Lewis Research 
Center, Cleveland, OH), A. G. Rubin, and M. F. Tautz (USAF, 
Geophysics Laboratory, Bedford, M A). American institute of Aero- 
nautics and Astronautics, Aerospace Sciences Meeting, 20th, 
Oriando, FL, Jan. 11-14, 1982, Paper 82-0269. 13 p. 16 refs. 
Contract No. NAS3-22536. 


The NASA Charging Analyzer Program (NASCAP) hai bean 
validated in a space environment. Data $)pt|ected by the SCATHA 
(Spacecraft Charging at High Altitude) spkacraft has been used with 
NASCAP to simulate the charging response of the spacecraft ground 
conductor and dielectric surfaces with considerable success. Charging 
of the spacecraft ground observed in eclipse, during moderate and 
severe substorm environments, and in sunlight has been reproduced 
using the code. Close agreement between both the currents and 
potentials measured by the SSPM's, and the NASCAP simulated 
response, bias been obtained for differential charging. It is concluded 
that NASCAP Is able to predict spacecraH charging behavior in a 
space environment. (Author) 


A82-18317 ^ a Voltage gradients in solar if ray cavities as 
possible breakdown sites in ipaoecfaft*char 9 ing>induoad dischargN, 
N. J. Stevens, H. E. Mills, and L. Orange (NASA, Lewis Research 
Center, Cleveland, OH). (!£££, U.S. Defense Nuclear Agency, 
NASA, and DOE, Annual Conference on Nuclear and Space 
Radiation, Effects, 18th, Seattle, \NA, July 21-24, l££B 

Transactions on Nuclear Science, vol. NS-28, Dec. 1981 * p. 
4558*4562. 35 refs. 

A possible explanation for environmental ly-lnduced discharges 
on geosynchronous satellites exists in the electric fields formed in the 
cavities between solar cells - the small gaps formed by the cover 
slides, solar cells, metallic interconnects and insulating substrate. 
When exposed to a substorm environment, the cover slides become 
(ess negatively charged than the spacecraft ground. Hence, it is 
possible for metallic sur'/aces (usually silver mesh) to be at a negative 
potential in a cavity that has a 'positive' surface above it. If the 
resultant electric field becomes large enough, then the interconnect 
could emit electrons (probably by field emission) which could be 
accelerated to space by the positive voltage on the covers. 
experimental study was connected using a small solar array segment 
in which the Interconnect potential was controlled by a power 
supply while the cover slides were Irrldated by monoanergetle 
electrons. It was found that discharges could be triggered yvhen the 
interconnect potential became at least 500 volts negative with 
respect to the cover slides. Analytical modeling of satellites exposed 
to substorm environments indicates that such gradients are possible. 
Therefore, It appears that this trigger mechanism for discharges is 
possible. Details of the experiment and modeling study are pre- 
sented. (Author) 


NS2- 14224*# TRW Defense and Space Systems Group. Redondo 
Beach. Calif. 

SRUSHFIRE ARC DISCHARGE MODEL 

G. T. Lnouye In NASA. Lewis Research Center Spacacraft 
Charging TechnoL. 1980 Oct, 1981 p 133-162 refs (For 
primary document see N82-14213 05-18) 

(Contract NAS3-21961) 

Avail; NTIS HC A99/MF A01 CSCL 22B 

A one dimensional arc discharge model Incorporating a 
bruahfira-type propagation of a discharge wavefront was 
invaatiaal^^td. A sat of eouations. developed and their w|i(;;h Include 
alactrical. thermal and plasma parameters, were solutions shown 
to be consistent with a propagating brushfire wavefront. Voltage, 
currant, plasma density, temperature, and resistivity profiles 
ware obtain^/ /. Mechanical forces, magnetic and electrostatic ware 
considered tA evaluating the flashover to blowout currant ratio, 
G', for rrc discharges with the brushfire parameters davalopad 
in the model. This ratio is an important factor in determining 
the aioctromagnatic interference (EMI) impact of 'arc diachargas 
on spacectaft electrical subsystems. The conclusion of the analysis 
is that electrostatic forces are much more important than 
magnetic forces. The magnitude of the G' factor obtain«Kl, 
58.5 percent, is within the range of those obtained by axpariman- 
tal means. Improvements in the analytical model as w^l in the 
experimental approach are recommended. M.D.K. 


N82- 14226*# Case Western Reserve Univ., Cleveland, Ohio. 
SECONDARY ELECTRON EMISSION YIELDS 
I. Kraintky. W. Lundin. W. L. Gordon, and R. W. Hoffman In 
NASA. Lewis Research Canter Spacacraft Charging Tachnol.. 
1980 Oct. 1981 p 179-197 refs (For primary document aaa 
N82-14213 05-18) 

(Grant NsG-3197) 
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The secondary electron emissiori (SEE) characterliJcs for a 
varlaty of spacecraft matarlals were determined under UHV 
conditions using a commercial double pass CMA which permits 
sequential Auger electron electron spectroscopic analysis of the 
surface. The transparent conductive coating bdlum tin oxido (ITO) 
was examined on Kapton and borosilicate glass and Indium oxide 
on FED Teflon* The totol SEE coefficient ranges from 2.5 to 
2.6 on as*received surfaces and from 1.5 to 1.6 on Ar(+) 
sputtered surfaces with < 6 nm removed. A cylindrical sample 
carousel provides normal incidence of the primary beam as well 
as a multiple Faraday cup measurement of the approximately 
nA beam currents. Total and true secondary yields are obtained 
from target current measurements with biasing of the carousel. 
A primaiy beam pulsed mode to reduce electron beam dosage 
and minimize charging of Insulatifig coatings was applied to 
Mg/F2 coated solar cell covers. Electron beam effect^ on ITO 
were found quite important at the current densities necessary 
to do Auger studies. M.D.K. 


NS2< 14227*# Pennsylvania State Univ„ University Park. 
OBLIOUE^INCIDENCE SECONDARY EMISSION FROM 
CHARGED DIEUECTRONICS 

James W. Robinson and Paul A. Budd in NASA. Lewis Research 
Center Spacecraft Charging Technol.. 1980 Oct. 1981 
p 196*210 refs (For primary document see N62*14213 05*18) 
(Grant NsG*3166) 

Avail: NTIS HC A99/MF A01 CSCL 22B 

Experimental measurements and computer simulation of 
secondary electron emission coefficients for FEP*Teflon. for normal 
and oblique incidence in the presence of a normal electric held 
are reported. Knowledge of the electrostatic environment 
surrounding the sr^ecimen calculation of particle trajectories are 
considered. A simuidtion using a conformal mapping, a Green's 
integral, and a trajectory generator provides the necessary 
rnathomatical support for the measurements which have been 
made with norms! fields of 1.5 and 2.7 kY/mm. When incidence 
is normal and energy exceeds the critical energy, the coefficient 
is given by V.58 and for oblique incidence this expression may 
be divided by the cosine of the angle. The parameter V sub 
0 is a function of normal field. Measurements for values of V 
sub f are presented. M.D.K. 


N82*14249*# Systems Science and Software, La Jolla, Calif. 
REPRESENTATION AND MATERIAL CHARQINO RE- 
SPONSE OF GEOPLASMA ENVIRONMENTS 
P, R. Stannard, G. W. Schnuelle, 1. Katz, and M. J. Mandeii in 
NASA. Lewis Research Center Spacecraft Charging Technol., 
1980 Oct. 1980 p 560-579 refs (For primary document see 
N82-14213 05-18) 

(Contract NAS3-21762) 

Avail: NTIS HC A99/MF A01 CSCL 228 

The sensitivity of the charging response to the representation 
of the measurer^ environments and material properties are 
discussed. Single and double Maxwellian representations are 
compared with direct numerical integration of the observed 
spectra. The effect of anisotropic Incident flux distribution is 
modeled. In addition, the effect of the high energy radiation 
upon bulk conductivity and hence difforentlal charging is 
examined. E.A.K. 


Nfi2-14272*# Kansas Univ., Lawrence. 

NUMERICAL SIMULATION OF PLASMA INSULATOR 
INTERACTIONS IN SPACE. PART 1 : THE SELF CONSISTENT 
CALCULATION 

J. H. Nonnast, B. C. Chaky, T. P. Armstrong, J. Enoch, and G. 
G. Wiseman in NASA. Lewis Research Center Spacecraft 
Charging Technol,, 1980 Oct, 1980 p 932-945 refs (For 
primary document see N82-14213 05-18) 

(Grant NsG-3290) 

Avail: NTIS HC A99/MF A01 CSCL 22B 

A computer program is being developed to simulate the 
imaraction of a plasma with a conducting disk partially covered 
by an Insulator. Initial runs consider only charge sticking to the 
dialai^r Results indicate that the current density drawn by the 
hole v:* dielectric increases approximately linearly with voltage 
for conductor voltages between 5 volts and 250 volts. Author 
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N82-14273*# Kansas UnIv., Lawrence. 

NUMERICAL SIMULATION OF PUSMA INSULATOR 
INTERACTIONS IN SPACE. PART 2: DIELECTNiC 

EPPECTS 

R, C. Chaky* J. H. Nonnast, T. P. Armstrong. J. Enoch, and G. 
Wiserrian in NASA, Lewis Research Center Spacecraft Charging 
Tf^hnol., 1980 Oct. 1980 p 946-966 (For primary document 
W12-14213 05-18) 

(Orant NsG-3290) 

Avail: NTIS HC A99/MF A01 CSCL 228 

Any process which may be modeled statistiiiv^Py for a simple 
plasma particle may be modeled by the particle In cell technique. 
The success of the calculation is then dependent on having a 
large enough number of particles that the statistical treatment 
it meaningful. Thus it is possible to include the effects of secondary 
emission, backicattering. charge slicking and possibly dielectric 
breakdown, photoe mission, and spallation, The first plasma 
ditlectric interaction included in the computer code for simulating 
plasma Insulator Interactions is r^condary electron emission. A 
calculated current density vs. voltage curve Is presented and 
compared to an experimental curve. A.R.H. 


NS2-14250*# Systems Science end Software, La Jolla, Calif. 

SIMULATION OF CHARGING RESPONSE OF SCATHA 
(P7S-2) SATELUTE 

G, W. Schnuelle, P. R. Stannard, I. Katz, and M, J. Mandell in 
NASA. Lewis Research Center Spacecraft Charging Technol.^ 
19S0 Oct. 1980 p 680-591 refs (For primary document see 
N82-14213 05-18) 

(Contract NAS3-21762) 

Avail: NTIS HC A99/MF A01 CSCL 228 

A model of the satellite charging at high altitudes (SCATHA 
P78-?4 sateilite was used to simulate the charging response of 
SCATHA at geosynchronous orbit. The model includes a 
description of the geometry, currents to ex{x>sed surface materials, 
and electrical connections on the spacecraft. The charging 
response of the vehicle to that predicted by ^he NASCAP model 
for the Day 67, 1979 eclipse charging event, in which the 
spacecraft charged to several kilovolts negative during a 
magnetospheric substorm are compared. Double Maxwellian 
representations of the plasma environment reproduice the charging 
response observed experimentally. E.A.K. 


NS2-14275*# Systems Science anci Software, San Diego. Calif 

CHARGING OF A LARGE OBJECT IN LOW POLAR EARTH 
ORBIT 

D. E. Parks and I. Katz in NASA. Lewis Research Center 
Spacecraft Charging Technol., 1980 Oct. 1930 p 979-989 
refs Sponsored In part by AFGL (For primary document see 
N82- 14213 05-18) 

(Contract NAS3-21762) 

Avail: NTIS HC A99/MF AOl CSCL 22B 

The charging of a large sphere subject to the environment 
encountered by the shuttle orblter as it passes through the auroral 
regions In its low polar Earth orbit was investigated. Tht' 
environment consists of a low temperature dense plasma and 
relatively intense (200 mu A/sq m) field aligned flux of energetic 
electrons (approximately 5 to 10 keV), The potential on a sphere 
in eclipse is presented as a function of the ratio kappa of the 
chargir>g rate produced by precipitating electrons to xhe discharging 
rate produced by ram ions. It was found that a 5 meter conducting 
sphere charges to potentials of order 1 kilovolt for kappa 
approximately 2, even though a 0.5 meter sphere charges to 
te^s than 100 volts. It is concluded that the natural charging 
environment can induce large potentials (approximately 1 kilovolt) 
on the shuttle orblter. A.R.H. 


NS2-16117*# Martin Marietta Corp., Bethesda. Md. 

CRYOGENIC FLUID MANAGEMENT EXPER3MENT Final 
Report, Dec. 1978 - Oct. 1981 

R. N. Eberhardt. W. J. Bailey, and D. A. Fester Oct. 1981 
237 p refs 

(Contract NAS3-21591) 

(NASA-CR-1 65495: MCR-81-597) Avail: NTIS 

HC A11/MF AOl CSCL 22B 

The cryogenic fluid management experiment (CFME), designed 
to characterize subcrftical liquid hydrogen storage and expulsion 
in the low-q space environment, is discussed. The experiment 
titiliees a fine mesh screen fluid management device to accomplish 
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gas<fr«o liquid expulsion and a thermodynamic vent system to 
Intercept heat leak and control tank pressure* The experiment 
design evolved from a single flight prototype to provision for a 
multimission (up to 7) capability. A detailed design of the CFMt:. 
a dynamic test article, and dedicated ground support equipment 
were generated. All materials and parts were identified, and 
components were selected and specifications prepared. Long lead 
titanium pressurant spheres and the flight tape recorder and 
ground reproduce unit were procured. Experiment integration with 
the shuttle orbiter, Spacelab, and KSC ground operations was 
coordinated with the appropriate NASA centers, and experirrient 
Interfaces were defined. Phase 1 ground and fliglvt safety reviews 
were conducted. Costs were estimated for fabrication and 
assembly of the CFME, which will become the storage and supply 
tank for a cryogenic fluid management facility to Investigate 
fluid management in space, RJ.F. 


N82-26377*^ Systems Science and Software, San Diego, Calif. 

ADDITIONAL EXTENSIONS TO THE NASCAP COMPUTER 
CODE, VOLUME 2 Progress Report. 9 Sep. 1980 • 22 Dec. 
1981 

P. R, Stannard. I. Katz, and M. J. Mandell Feb. 1982 163 p 
refs Sponsored in part by AFGL 
{Contract NAAS3-22536) 

(NASA-CR-1 67856; NAS 1.26:167856; SSS-R-82-5218) Avail: 
NTIS HC A08/MF A01 CSCL 22B 

particular attention is given to comparison of the actural 
response of the SCATHA (Spacecraft Charging AT High Altitudes) 
P78'2 satellite with theoretical (NASCAP) predictions. Extensive 
comparisons for a variety of environmental conditions confirm 
the validity of the NASCAP model. A summary of the capabilities 
and range of validity of NASCAP is presented, with extensive 
reference to previously published applications. It is shown that 
NASCAP is capt'ble of providing quantitatively accurate results 
when the object and environment are adequately represented 
and fall within the range of conditions for which NASCAP was 
intended. Three dimt'nsipnai electric field affects play an important 
role in determining the potential of dielectric surfaces and 
electrically isoiated conducting surfaces, particularly in the 
presence of artificlaily imposed high voltages. A theory for such 
phenomena is presented and applied to the active control 
experiments carried out In SCATHA, as well as other space and 
laboratory experiments. Finally, some preliminary work toward 
modeling large spacecraft In polar Earth orbit Is presented. An 
initial physical model Is presented including charge emission. A 
simple code based upon the model is described along with code 
test results. Author 


N82*26378*j)l Systems Science and Software. San Diego, Calif. 

ADDITIONAL EXTENSIONS TO THE NASCAP COMPUTER 
CODE, VOLUME 3 Contractor Report. 9 Sep, 1980 • 22 Dec. 
1981 

M. J. Mandeii and D. L. Cooke Aug, 1981 90 p refs 
(Contract NAS3-22536) 

{NASA-CR.167857; NAS 1.26:167857: SSS-R-81-5140) Avail: 
NTIS HC A05/MF A01 CSCL 22B 

The ION coniputer code is designed to calculate charge 
exchange ion densities, electric potentials, plasma temperatures, 
and current densities external to a neutralized ion engine in R>Z 
geometry. The present version assumes the beam Ion current 
and density to be known and specified, and the neutralizing 
electrons to originate from a hot-wiro ring surrounding the 
beam orifice. The plasma is treated as being resistive, with an 
electron relaxation time comparable to the plasma frequency. 
Together with the thermal and electrical boundary conditions 
described below and other straightforward engine parameters, 
these assumptions suffice to determine the required quantities, 
The ION code, written in ASCII FORTRAN for UNIVAC 
1100 series computers, is designed to be run interactively, 
although it can also be run in batch mode. The input is free-format, 
and the output is mainly graphical, using the machine^ndependent 
graphics developed for the NASCAP code. The executive routine 
calls the code's major subroutines In user-specifted order, and 
the code allows great latitude for restart and parameter change. 

Author 


A82'13494 * jj Real-time computer limulation/emulation for 
verification of multi-fault-tolarant control of Centaur-in-Shuttle. G.. 

P. Szatkowski (General Dynamics Corp., Convair Div., San Diego, 
CA), In: Digital Avionics Systems Conference, 4th, St. Louis, MO, 


November 17-19, 1981, Collectirp of Technical Papers. (A82- 
13451 03-04) New Yprk, American Institute of Aeronautics and 
Astronautics, 1981, p. 315-325,. Contract No. NAS3-22324, (AIAA 
81-2283) 

NASA has contracted with General Dynamics to design and 
develop an advanced Centaur liquid upper stage for support of the 
Galileo and Solar Polar Interplanetary missions In 1985-86. The 
control of the Centaur while It resides In the Shuttle cargo bay must 
meet the STS $afj)ty requirements to be dual failure tolerant In all 
mission critical fui^ctioris, The demonstration of the Integrity of this 
control system in the event of multiple component failures and 
worst-case time-phise asynchronlety among the system's computers 
is performed by a real-time computer simulation, The simulation 
emulates the control hardware, subsystem Interfaces, and Imbedded 
software processes, wire-by-wire, to provide accessibility for fault 
insertion. Observability Is provided via graphics and diagnostic 
software, Verification is the product of Monte Carlo simulation 
analysis, (Author) 


A82-15904* Numerical simulation of sheath structure and 

current-voltage characteristics of a conducto^dielectrlc disk in a 
plasma. R. C. Chaky, H- Nonnast, and J, Enoch (Kansas. 
University, Lawrence, KS), Journal of Applied PhysfeSt vol. 52. Dec. 
1981, p. 7092-7098. 16 refs. Grant No. NsG-3290. 

A computer program is being developed to simulate the 
Interaction of a plasma with a conducting disk. Two configurations 
are examined: (1 ) the conductor Is a 'button' in the center of a larger 
dielectric disk, and (2) the conducting disk Is covered by a dialectrlc 
disk to the same size with a circular hole in the center of the 
dielectric, exposing a region of condiJctor. Results of the electro- 
static plasma simulation are presented both with and without 
secondary electron emission from the dielectric; characteristic curves 
and voltage profiles are included. V.L. 


A82-16194 * ^ Modification of tpactcraft potentials by ther- 
mal electron emission on ATS-5. R. C. Olsen (Alabama, University, 
Huntsville, AL). Journal of Spacecraft and RocketSf vol, 18, 
Nov.-Dee. 1981, p. 527-532. 7 refs. Contract No. NAS5-23481; 
GrantNo. NsG-3150. 

Electron emission experiments on Applied Technology Satellite 
5 using a thermal electron emitter are reported and v^nsly^ed. 
Operations in eclipse charging environments showed that electron 
emission could partially discharge a negatively charged satellite. 
Typical operations resulted In kilovolt potentials being reduced to 
hundreds of volts for a few tens of seconds, followed by a gradual 
recharging over a period of minutes. Equilibrium currents were 
modeled with a one-dimensional current balance model. Currents on 
the order of 1 microampere were found, significantly below emitter 
capabilities. Application of a three-dimensional, time-dependent 
computer model showed that differential charging on the solar arrays 
was limiting the emitted current, preventing the complete discharge 
of the satellite, and allowing it to recharge in spite of the electron 
emitter. (Author) 


A82- 17793 * // Space Shuttle Orbiter charging. 1. Katz and D. 

E. Parks (Systems, Science and Software, La Jolla, CA). American 
Institute of Aeronautics and Astronautics, Aerospace Sciences 
Meeting, 20th, Orlando, FL, Jan. 11-14, 1982, Paper 82-011 9.^ S 

refs. USAF-supported research; Contract No. NAS3-22536. 

This paper considers the charging of the Space Shuttle Orbiter 
by energetic particles of environmental origin and from emission by 
accelerators. The results indicate that precipitating electrons quickly 
induce large voltages. High voltages may also occur when onboard 
accelerators inject energetic bearhs into the high altitude plasma. A 
significant conclusion from electron beam experiments is that the 
rockets charged to positive potentials much less than anticipated 
from the theory of probes in a quiescent plasma. Elementary theories 
predict the large negative potentials observed by firing energetic ions 
and predict severe differential charging of the Orbiter. (Author) 
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A82-18312* Imtrnal brsskciown of chargtd ip^oicraft 

dliloctriGt. B. L. Beers, Vi W. Pine« and S. T* Ives (Beers Associates, 
Inc., Reston, U.S. D9fens9 Nuchar Agency, NASA, §nd 

DOE, Annual Conference on Nuclear and Space Radiation Effects, 
18th, Seattle, WA, July 21-24, 1981J IEEE Transactions on Nuclear 
Science, voU NS«28, Dec. 1981, p. 4529>4534. 17 refs. Contract No. 
NAS3-22530. 

ft is suggested that small energy discharges of low differential 
voltage that are associated with Internal burled charge may be an 
Important mechanism by which sorted electrostatic energy Is released 
from dielectrics on board orbiting spacecraft. The evidence from 
space given by Stevens (1980) Is noted, ani) the laboratory 
experimental evidence pf Frederlckson Is cited to demonstrate that 
discharges occur under circumstances with no external potential 
drop. Previous calculations Indicating that significant Internal electric 
fields can exist In dielectrics charged with multiple-kilovolt electron 
beams under conditions Involving little or no external potential drop 
are reviewed. Attention Is given to the Internal discharge mechanism 
of Meulenberg (1976), and new calculations suggesting that the space 
environment Is conducive to the formation of the conditions 
required by this mechanism are presented. Experimental procedures 
for checking the suggestions made are developed. G,R* 
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AB2-35547 * Differential charging of high-voltage apacecraft - The 
equilibrium potential of Insulated surfaces. I. Katz and M. J. Mandelt (Sys- 
tems, Science, and Software, La Jolla, CA), Journal of Geophysical Research, 
voL 87, June 1, 1982, p 4533-4541. 36 refs. Contract No, NAS3-22536. 

A theory Is presented for the steady-state potential of insulated surfaces near 
exposed high voltages. The term 'Insulated surfaces' Is used to mean either 
dielectric surfaces or electrically Isolated metallic surfaces. The potential Is 
bounded below by the zero of the material's l-V curve assuming total suppression 
of secondary electrons, and above by assuming total extraction of secondaries. 
Within these bounds, the material’s surface potential Is determined consistently 
with the solution to Poisson’s equation external to the vehicle. The theory Is 
compared with rocket experiments and with SCATHA satellite data, Also, an 
explanation Is suggested for the observed 'snapoverVof solar cell coversllps from 
near plasma ground potential to near the potential of positively biased Intercon- 
nects with Increasing bias voltage. (Author) 
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20 SPACECRAFT PROPULSION AND 
POWER 

Includes main propulsion systems and components e.g., 
rocket engines; and spacecraft auxiliary power sources. 

For reiated Information see also 07 Aircmft Propulsion, 
26 Propellants and Fuels, and 44 Energy Production and 
Conversion, 


N82*20240*/)i National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

GEOMETRY AND STARVATION EFFECTS IN HYDRODY- 
NAMIC LUBRICATION 

David E. Browe and Bernard J. Hamrock 1982 18 p refs 

Proposed for presentation at the 59th Meeting of the Propulsion 
artd Energetics Panel Symp. on Problems in Bearings and 
Lubrication, Ottawa. Canada. 31 May - 3 Jun, 1982; sponsored 
by AGARD Prepared jointly with Army Aviation Research and 
Development Command. St, Louis 
INASA.TM-82807; E-1147; NAS 1.15:82807; 
AVRADCOM-TR-82-C-17) Avail: NTIS HC A02/MF A01 CSCL 
20D 

Numerical methods were used to determine the effects of 
lubricant starvation on the minimum film thickness under 
conditions of a hydrodynamic point contact. Starvation was 
effected by varying the fluid Inlet level. The Reynolds boundary 
conditions were ap^i'lied at the cavitation boundary and zero 
pressure was stiputaied at the meniscus or inlet boundaiy. A 
minimum-fllm-thicknetvs equation as a function of both the ratio 
of dimensionless load to dimensionless speed and inlet supply 
level was determined. By comparing the film generated under 
the starved inlet condition with the film generated from the 
fully flooded inlet, an expression for the film reduction factor 
was obtained. Based pn this factor a starvation threshold was 
defined as well as a critically stan/ed inlet. The changes in the 
inlet pressure buildup due to changing the avaiiable lubficam 
supply are presented in the form of three dimensional isometric 
plots and also in the form of contour plots. Author 


N82-24286^/^ National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland, Ohio, 

AN INSIGHT INTO AUXILIARY PROPULSION REQUIRE- 
MENTS OF LARGE SPACE SYSTEMS 
James E. Maloy and William W. Smith (Boeing Aerospace Co.. 
Seattle) 1982 21 p refs To be presented at the 18th Joint 
Propulsion Conf.^ Cleveland. 21-23 Jun. 1981 
{NASA-TM-82827; E-1185; NAS 1,15:82827) Avail: NTIS 
HC A02/MF A01 CSCL 21 H 

Electric and chemical propulsion systems* requirements for 
Large Space Systems (LSS) launchable by a single Shuttle are 
considered, Sets of generic LSS classes (ranging in size from 
30 m to 250 m) are described and the disturbance force and 
torque requirements for low Earth orbit U^.D), geosynchronous 
Earth orbit (GEO), and LEO-GEO transfer, are given. Auxiliary 
propulsion requirements were determined as a function of: specific 
impulse (250 and 500 sec. for chemical and 1000. 3000. and 
10000 sec. for electric): orbit; and angle of orientation. The 
results wore used to size the Auxiliary Propulsion System (thruster 
size, fuel requirements, power processor, etc). T.M. 


N82-27358*)il National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

LARGE SPACE SYSTEMS/PROPULSION INTERACTIONS 
Jun. 1982 253 p refs Workshop held at Cleveland. 22-23 Oct. 
1981 

(NASA-TM-82904; E-1288; NAS 1.16:82904) Avail: NTIS 
HC A12/MF A01 CSCL 22A 

Material lliustrating the presentations on and the conclu- 
sions of workshop^ panels considering the missions, systems 
requirements and operations, and systems design and integration 
is presented. For individual titles, see N82-27359 through 
N82-27379, 
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NB2-27371*||( National Aeronautics and Space Administration, 
lewis Research Center, Qeveland, Ohio. 

SYSTEMS INTEGRATION 

James J. Pelouch, Jr. in its Large Space Syatems/Propulaion 
Interactions Jun, 1982 p 123-126 (For primary document see 
N82-27358 18-20) 

Avail: NTIS HC A12/MF A01 CSCL 22B 

The workings of systems integration, its accomplishments, 
the influences of Its character changes on the STS, propulsion 
out of the orbiter and LSS, and technological demands are 
discussed. The task of systems integration is to derma, understand, 
and account for Interactions between the major systems on a 
space mission. The safety and propulsion systems and their 
reliability are outlined. E.A.k. 


N82-29354*||i National Aeronautics and Space Administration 
Lewis Research Center, Cleveland, Ohio. 

A NEW STRATEGY FOR EFFICIENT SOLAR ENERGY 
CONVERSION: PARALLEL-PROCESSING WITH SURFACE 
PLA8MON8 

Lynn Marie Anderson 1982 13 p refs Presented at the 

17th IntersQc. Energy Conversion Eng. Conf.. Los Angeles. 
8-13 Aug. 1982: sponsored by IEEE 

(NASA-TM-82867; E-1236; NAS 1.15;82867) Avail: NTIS 
HC A02/MF A01 CSCL 10A 

An advanced concept for direct conversion of sunlight 
electricity, which alms at high efficiency by tailoring the conversion 
process to separate energy bands within the broad solar spectrum 
is introduced. The objective is to obtain a high level of spectrum- 
splitting without sequential losses or Unique materiafs for each 
frequency band. In iU\s concept, sunlight excites a spectrum of 
surface plasma waves which are processed in parallel on the 
eame metal film. The surface ptasmons transport energy to an 
array of metal-barrier-Semiconductor diodes, where energy Is 
extracted by inelastic tunneling. Diodes are tuned to different 
frequency bands by selecting the operating voltage and geometry, 
but all diodes share the same materials, Author 


N82«31443*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EFFECTS OF PROCESSING AND DOPANT ON RADIATION 
DAMAGE REMOVAL IN SILICON SOLAR CELLS 
I. Weinberg, H. W. Brandhorst, Jr., C. K. Swartz, and S. Mehta 
(Cleveland State Univ., Ohio) 1982 15 p refs Presented at the 
3rd European Symp. on Photovoltaic Generators in Space, Bath, 
England, 4-6 May, 1982; sponsored by RAE, the U.K. Dept, of 
Industry and ESA 

(NASA-TM-82892; F-1270; NAS 1.16:82892) Avail: NTIS 
HC A02/MF A01 CSCL 10A 

Gallium and boron doped silicon solar cells, processed by 
ion-implantation followed by either laser or furnace anneal were 
irradiated by 1 MeV electrons and their post-irradiation recovery 
by thermal annealing determined. During the post-irradiation arnoali 
gallium-doped cells prepared by both processes recovered mere 
rapidly and exhibited none of the severe reverse annealing 
observed for simllariy processed 2 ohm-cm boron doped cells. 
Ion-implanted furnace annealed 0,1 ohm-cm boron doped cells 
exhibited the lowest post-Irradlatlon annealing temperatures 
(200 C) after Irradiation to 5 x 10 to the 13th e(-)/sq cm. The 
drastically lowered recovery temperature is attributed to the reduced 
oxygen and carbon content of the 0.1 ohm-cm cells. Analysis 
based on defect properties and annealing kinetics indicates that 
further reduction in annealing temperature should be attainable 
with further reduction In the silicon’s carbon and/or dIvacancy 
content after irradiation. Author 


A82-11706 * # Alkaline regenerative fuel coll systems for 
energy storage. F. H, Schubert (Life Systems, Inc., Cleveland. OH), 
M. A. Reid (NASA, Lewis Research Center, Cleveland. OH), and R. 
E. Martin (United Technologies Corp., South Windsor, GT). In: 
Intersoclety Energy Conversion Engineering Conference, 16th. Atlan- 
ta, GA, August 9*14, 1981, Proceedings. Volume 1. (A82-1 1701 02* 
44) New York, American Society of Mechanical Engineers, 1981, p. 
61*66. 11 refs. 
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A do$criptlpn Is presomed of tho results of a preliminary design 
study of a regenerative fuel cell energy storaQO WStem for application 
to future low*earth orbit space missions, The high energy density 
storage system h based on state«of*the'art alkaline electrolyte cell 
technology and Incorporates dodicoted fuel coll and electrolysis coll 
modules. In addition to providing energy storage, the system can 
provide hydrogen and oxygen for attitude control of the «!atoilite and 
for life support, During the daylight portion of the orbit the 
electrolysis modulo uses power provided by the solar array to 
generate H2 and 02 from the product water produced by the fuel 
cell module, the fuel cell module supplies electrical power during the 
dark period of the orbit, G,R, 


A82-11736* if High power loUr array twitching regulation. 
0. K, Docker, J. Cassinelli {TRW Dofenso and Space Systems Group. 
Redondo Beach. CA). and M. Valgora (NASA. Lewis Research 
Center. Cleveland. OH), Inj Imorsocioty Energy Conversion Engi« 
neertng Conference, 16th. Atlanta, G A, August 9*14. 1981, Proceed- 
ings. Volume 1, iA82*11701 02-44) New York. American Society of 
Mechanical Engineers. 1981. p, 224-231. 

it is pointed out that spacecraft utilization pro)octlons for the 
1980s and beyond show a trend toward extended lifotimos and larger 
electric power systems. The need for Improved power management 
and energy transfer arising In connection with this trend has resulted 
in the conduction of a Solar Affay Switching Rower Management 
study, A description Is presonted of initial dovciopmont work 
performed in the study, taking Into account the characteristics for 
tlireo mission classes. Attention is given to the manned LEO platform 
(250 kv average load), the unmanned GEO platform (50 kW average 
load), and an ion propulsion orbit transfer vehicle (50- to 250 kW 
load), G.R. 


A82-11765 * » Gallium arsenide solar cells-status and pros- 
pects for use in space. H, W, Brandhorst, D. Flood, and I, Weinberg 
(NASA, Lewis Research Center, Cleveland. OH). In: Intersocloty 
Energy Conversion Engineering Conference, 16tb, Atlanta, GA. 
August 9-14, 1981. Proceedings, Volume 1, (A82*1 1701 02-44) Now 
York, American Socloiy of Mechanical Enginoers. 1981, p, 409-415. 
27 refs. 

Gallium Arsenide solar colls now equal or surpass the ubiquitous 
silicon solar cells in efficiency, radiation resistance, annealobilliy, and 
in the capability for producing usable power output at elevated 
ternperatures. NASA has developed a long-range research and 
development program to capitalize on those manifold advantages. In 
this paper we review tlte current state and future prospects for R&O 
m this promising solar cell maiurial, and indicate the progress being 
made toward development of GaAs cells suitable for a variety of 
space missions. Results are presented from studies which demon- 
strate conclusively that GaAs cells can provide a net mission cost and 
weight savings for certain important mission classes, (Author) 


A82-11796 * If Multljunctlpn high voltage concentrator solar 
cells. G, J, Valeo. V, J. Kapppr (Case Wostorn Reserve University, 
Cleveland, OH), i. C. Evans, and A.*T. Chal (NASA. Lewis Research 
Center. Cleveland. OH), In; I ntersociety Energy Conversion Engi- 
neering Conference. 16th. Atlanta, GA, August 9-14, 1981, Proceed- 
ings, Volume 2. (A82-11701 02-44) Now York, American Society of 
Mechanical Enginoers. 1981, p, 1649-1663, NASA»supportod re- 
search, . ■ . . 

The standard integrated circuit technology has boon developed 
to design and fabricato new Innovative planar mulU-iunctlon solar 
cell chips for concentrated sunlight applications. This 1 cm x 1 cm 
cell consisted of several voltage generating regions called unit coils 
which wore Internally connected In sorlcs within a single chip 
rosuiting In high open circuit voltages, Typical open-circuit voltages 
of 3.6 V and short'Clrcult currents of 90 ma were obtained at 80 
AMI suns. A dramatic increase in both short circuit current and operv 
circuit voltage with increased light levels was observed, (Author) 


quality 


A82-16438 * # M«Murlng th« tpactcraft and tnvironmtnul 
inttrictlont of tht 8-cm mfrcuiY (on thruitart on th« P8(^1 minion. 
J. L. Power (NASA, Lewis Research Center, Ion Auxiliary Propulsion 
Office, Clovoland, OH). In: Electric propulsion and Its applications to 
space missions. |A82-16432 04‘12) Now York, American Institute of 
Aeronautics and Astronautics, 1981, p. 813-825, 14 refs. 

The subject Interface measurements are doscrlbed for the Ion 
Auxiliary PropuUlii*^ System (I APS) flight tost of two 8 cm thrusters. 
The diagnostic devices and the effects to bo measured Include: 1) 
quarU crystal microbalancos to detect nonvolatile depvisitlon due to 
thruster operation; 2) warm and cold solar cdf monitors for 
nonvolatile and volatile (mercury) deposition: 3) retarding potential 
Ion collectors to charoctorlze the low energy thruster Ionic efflux; 
and 4) a probe to measure the spacecraft potential and thruster 
generated electron currents to biased spacecraft surfaces. The 
diagnostics will also assess space endronmental Interactions of the 
spacecraft and thrusters. The diagnostic data will characterize 
mercury thruster Interfaces and provide data useful for future 
applications. (Author) 


A62-3S067 * # A tlmpHfied design procedure for fife prediction of 
rocket thruet chembers, J. S. PorOWSkI, W. d. 0‘Donnoll, M. L. Badlanl, B. 
Kasraio (O'Donnoll and Associatos, Inc., Pittsburgh, PA), and H. J, Kaspor 
(NASA, Lewis Research Conler, Cleveland, OH). AfAA, SAB» andASM^, Joht 
Propulsion Contomco, 16th, Cloyeland, OH, June 2U23, 1982, AIAA Papor 
0M251. 9 p. 8 refs. 

An analytical procodufo for predicting thrust chamber life is developed. The 
hot-gas-wall ligaments separating the coolant and combustion gas aro subjected 
to pressure loading and severe thermal cycling. The rosuiting stresses interact 
during plastic straining causing incremental bulging of the ligaments during each 
firing cycle. This mechanism of plastic ratcheting Is analyzed and a method using 
a yield surface for combined bending and membrane loading dovolopod (or 
determining the incremental permanent dofloctfon and progressive thinning near 
the center of the ligaments. Fatigue and tensile instability are analyzed as possi- 
ble failure modes. Results of the simplified analyses compare favorably with 
available experimental data and finite plomont anaiysis^ i'dsults for OFHG (Oxy- 
gon Free High Conductivity) copper. They aro also In reasonably good agreomonl 
with experimental data for NARloy Z, a copper-zirconium-silver alloy dovolopod 
by the Rocketdyno Division of Rockwell Intomational, (Author) 


A62-39S99 * On the cause of the flat-spot phenomenon observed (n 
silicon solar ceils at low temperatures and low intensities. V. G. Wolzer and 
J. D. Broder (NASA, Lewis Research Center, Cleveland, OH). Journal of Applied 
Physics, vol. 53, Aug. 1982, p. 5926-5930. 15 refs. 

A model is presented that explains the llat-spot’ power-joss phenomenon 
observed in silicon solar coils operating under deep space (low temperature, tow 
intensity) conditions. Evidence Is presented suggesting that the effect Is due to 
localized metalturglcalinteractions between the silicon subsirato and the contact 
metallization. These reactions are shown to result In localized regions in which 
the PN junction is destroyed and replaced with a meta|-semiconductor-llke Inter- 
depth, and metallization ore presented along with a method of prevantlng the 
effect through the suppression of vacancy formation at the free surface of the 
contact metallization. Preliminary data Indicating the offoctlveness of a TIN diffu- 
sion barrier In preventing the effect are also given. (Author) 


A62-44750 * # Component technology for space power ayatema. R. C. 

Finke (NASA, Lewis Rosoarch Center, Cleveland, OH), /nfornaf/ona/ Astronauf/- 
cal Federation, International Astronautical Congress, 33rd, Paris, Ftahce, Sept, 
27^0d. 2. 1902, Paper 82-400 10 p. 15 refs. 

Progress made by NASA toward Implementation of equipment for the conver- 
sion, management, and distribution of voltage power in space applications are 
reviewed. Work has been carried forward on compononis such as bipolar transis- 
tors, deep impurity semiconductors, conductors, dielectrics, magnetic dovices, 
and rotary power transfer. Specific programs for iho high voltage systems have 
Included research on lightweight, low-cost conductors featuring graphite fibers 
containing electron donor materials for wires and cables with reduced mass and 
iho conductivity of copper. AUontlon has also been given p-h juiiiition technology 
for high-speed, high-q .irronl, hlgh-voUago materials and diamond-like dielectric 
films which are hard Aavo high dielectric strength, and can operate up to 300 C. 
A transistor has been fabricated with a voltage of 1200 V at 100 A, with a gain 
of 10 and a 0.5 mlcrosec rise /fall time. A 25 kW transformer has also been built 
which performs at 20 kHz vvUh an efficiency of 99.2%. M.S.K. 


ORiGimL 

OF POOR 


43 


AS2*44MS * # Ofi the cause of the ftet spot ptienofnefion observed in 
sWcon soler coNs at low temperatures and low intensities. V. G. Welzer and 
J. D. Broder (NASA. Lewis Research Center, Cleveland, pH). In: Photovoltaic 
Specialists Conference, 15th, Kissimmee, FL, May 12-15, 1981^ Conference 
Record. (A82-44928 23-44) New York, Institute of Electrical and Electronk:s 
Engineers, Inc.. 1981, p. 235, 236. 6 refs. 

The results of an effort to determine the mechanisms Involved In the flat spot 
(FS) effect are given. It Is suggested that the FS effect is due to a resistive 
metal-semiconductor-like (MSL) Interface in parallel with the cell PN Junction. 
Regions responsible for the FS effect lie under the front surface metallization In 
these cells, where the PN junction has been destroyed and replaced with a metal 
silldde-semiconductor interface. Such structural changes, which appear to be 
due to the tliermally activated dissolution of the silicon, have been induced n calls 
as a result of Isochronal heat treatments at temperatures between 45d C a d 560 
C. it has been found that a 650 A layer of Ta205 evaporated over the meiv“«za- 
tion Is sufficient to prevent the underlying silicon from pitting during the subi; 
quent heat treatment, although pitting althe metal silicon ambient interface could 
still be observed. A<B. 


Ni2-11111*jji Boeing Aerospace Co,, Seattle. Wash 

STUDY OF ELECTRICAL AND CHEMICAL PROPULSION 
SYSTEMS FOR AUXILIARY PROPULSION OF fJ^RGE SPACE 
SYSTEMS, VOLUME 2 Final Report 

W. W. Smith Nov. 1981 540 p refs 2 Vol. 

(Contract NAS3-219S2) 

(NASA-CR-165502-Vol-2: D1 80-2595-4- Vo!>2) Avail; NT|S 
HC A23/MF A01 CSCL 21 H 

The five major tasks of the program are reported. Task 1 is 
a literature search followed by selection and definition of seven 
generic spacecraft classes. Task 2 covers the determination and 
description of important disturbance effects. Task 3 applies the 
disturbances to the generic spacecraft and adds maneuver and 
stationkeeping functions to define total auxiliary propulsion 
systems requirements for control. The important auxiliary 
propulsion system characteristics are identified and sensitivities 
to control functions and large space system characteristics 
determined. In Task 4, these sensitivities are quantified and the 
optimum auxiliary propulsion system characteristics determined. 
Task 5 compares the desired characteristics with those avail- 
able for both electrical and chemical auxiliary propulsion systems 
to identify the directions technology advances should take. T.M. 


NS2-12133*# Hughes Research Labs., Malibu. Calif. Ion 
Phyeica Dapt. 

RETROFIT AND ACCEPTANCE TEST OF 30-cm EON 
THRUSTERS Final Raport, 12 Apr. 197S - 1 Apr. 1981 
R.. L Poaichel Jun. 1961 324 p 
(Contract NAS3-21357) 

(NASA-CR- 165259) Avail: NTIS HC A14/MF A01 CSCL 
21C 

Six 30 cm mercury thrusters were rriodified to the J-series 
design and avaluated using standardized test procedures. The 
thruster performance meets the design objectives (lifetime 
objective require! verification), and documantation (drawings, ate.) 
for tha dasign is completed and upgradad. Tha atrofit modifications 
are dascribad and the test data for tha finodifications are prasantad 
and discussed. S.L, 


N82-16172*])/ Rocketdyne. Canoga Park, Calif, 

REUSABLE ROCKET ENGINE MAINTENANCE STUDY Final 
Raport, Sap. 1980 - Oct. 1981 

Charles A. MacGregor Jan. 1982 306 p 
(Contract NAS3-22652) 

(NASA-CR- 165569; RI/RD81-226) Avail: NTIS 

HC A14/MF A01 CSCL 21 H 

Approximately 85.000 liquid rocket engine failure reports, 
obtained from 30 years of developing and delivering major pump 
feed engines, were reviewed and screened and reduced to 1771. 
These were categorized into 16 different failure modes. Failure 
propagation diagrams were established. The state of the art of 
engine condition monitoring for in-flight sensors and between 
flight Inspection technology w^s determined. For the 16 failure 
modes, the potential measurands and diagnostic requirements 
were Identified, assessed and ranked. Eight areas are identified 
requiring advanced technology development. T,M. 
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N82*18316*j|f Martin Marietta Aerospace, Denver, Colo. 

PRIMARY PROPULSION/LARGE SPACE SYSTEM INTER- 
ACTION STUDY Final Raport, Sap. 1S7S - Dac. 1SSO 

J. V. Coyner, R. H. Oergance. R. L Robertson, and J, V, Wlgglhf 
Dec. 1981 358 p refs 
(Contract NAS3-21955) 

(NASA-CR-165277; MCR81-604) Avail; NTIS 

HC A16/MF AOl CSCL 21H 

An interaction study was conducted between propulsion 
systems and large space structures to determine the effect of 
low thrust primary propulsion system characteristics on the muss, 
area, and orbit transfer characteristics of large space systems 
(LSS). The LSS which were considered would be deployed from 
the space shuttle orbiter bay In low Earth orbit, then transferred 
to geosynchronous equatorial orbit by their own propulsion 
systems. The types of structures studied were the expandable 
box truss, hoop and column, and wrap radial rib each with 
various surface mesh densities. The impact of the acceleration 
forces on system sizing was determined and the effects of single 
point, multipoint, and transient thrust applications were examined. 
Orbit transfer strategies were analyzed to determine the required 
velocity increment, burn time, trip time, and payload capability 
over a range of final acceleration levels. Variables considered 
vvere number of perigee bums, delivered specific Impulse, and 
constant thrust and constant acceleration modes of propulsion. 
Propulsion stages were sized for four propellant combinations; 
oxygen/hydrogen* oxygen/ methane, oxygen/ kerosene, and 
nitrogen tetroxide/monomethylhydrazine. for pump fed and 
prassure fed engine systems. Two types of tankage configurations 
were evaluated, minimum length to maximize available payload 
volume and maximum performance to maximize available payload 
mass. S.L 


N82-21262*/jl Xerox Electro-Optical Systems. Pasadena, Calif. 

INERT GAS ION THRUSTER Final Raport, Mar. 1978 - 
Dac. 1980 

William D, Ramsey Dec, 1980 90 p refs 
(Contract NAS3-21345) 

(NASA-CR-165521; NAS 1.26:165521; Rept-2372-5009) Avail: 
NTIS HC A05/MF AOl CSCL 21C 

Inert gas performance with three types of 12 cm diameter 
magnetoplectrostatic containment (MESC) ion thrusters was 
tested. The types tested included: (1) a hemispherical shaped 
discharge chamber with platinum cobalt magnets; (2) three 
different lengths of the hemispherical chambers with samarium 
cobalt magnets: and (3) three lengths of the conical shaped 
chambers with aluminum nickel cobalt magnets. The best argon 
performance was produced by a 8.0 cm long conical chamber 
with alnico magnets. The best xenon high mass utilization 
performance was obtained with the same 8.0 cm long conical 
thruster The hemispherical thruster obtained 75 to 87% mass 
utilization at 185 to 205 eV/ion of singly charged ion equivalent 
beam. E.A.K. 


N82-21253'^^ O'Donnell and Associates, Inc . Pittsburgh, Pa 

DEVELOPMENT OF A SIMPLIFIED PROCEDURE FOR 
THRUST CHAMBER LIFE PREDICTION Final Report 

J. S. Porowski, M. BadlanI, B. Kasrale, W. J, 0 Donnell, and D. 
Peterson Oct. 1981 85 p refs 
(Contract NAS3-22649) 

{NASA-CR-165585; NAS 1,26:165585; ODAI-1403-12-81) 
Avail: NTIS HC A05/MF AOl CSCL21H 

An analytical design procedure for predicting thrust chamber 
life considering cyclically induced thinning and bulging of the 
hot gas wall is developed The hot gas wall, composed of ligaments 
connecting adjacent cooling channel ribs^and separating the 
coolant flow from the combustion gas, is subjected to pressure 
loading and severe thermal cycling. Thermal transients during 
start up and shut down cause plastic straining through the 
ligaments. The primary bending stress superimposed on the 
alternate tn-plane cyclic straining causes incremental bulging of 
the ligaments during each firing cycle. This basic mechanisrrt of 
plastic ratcheting is analyzed ^nd a method developed for 
determining ligament deformation and strain. The method uses 
a yield surface for combined bending and membrane loading to 
determine the incremental permanent deflection and progressive 
thinning near the center of the ligaments which cause the geometry 
of the ligaments to change as the incremental strains accumulate, 
fatigue and tensile instability are affected by these local geometry 
changes. Both are analyzed and a failure criterion developed. 

Author 
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Mia-22MI*lK Aero|«t liquid Rock«t Co.. Socramonto. Caiif. 
LOVV-TNIlUtT lap KNSITIVITY STUDY Final Rapait 
L Schoanman 12 Apr. 1982 265 p raft 
^Contract NAS3>22665) 

(NASA*CR>16562U NAS 1.26:165621) Avail: NTtS 

HC A12/MF A01 CSCt 21H 

A comparison of tha cooHno raquiramants and attainabla 
apacifio Impulsa performanca of anginas In tha 445 to 444SN 
thrust class utilizing LOX/RP-1. LOX/Hydrogan and LOX/Mathana 
propallants Is prasantad. Tha uniqua dasign raquiramants for tha 
fsgaharativa cooling of low-thrust anginas oparating at high 
praaauras (up to 6694 kPa) wara axplorad analytlcatiy by 
comparing singta coding with tha fual and tha oxldizar. ar>d 
dual cooling with both tha fual and tha oxidlzar. Tha affacta of 
codant channal gaomatry. chamktr langth. and contraction ratio 
on tha ability to provida propar coding wara avaluatad. as was 
tha rasuiting spacific Impulsa. Tha raautu show that largar 
contraction ratios and smallar channals ara highly daalrabla tor 
cartain propallant combinations. T.M. 


MS2-242S6*# Colorado State Univ.. Fort Collins. Oapt. of 
Mechanical Engineering. 

EUCTRIC THRUSTER RESEARCH 

Harold R. Kaufman and Raymond S. Robinson Dec. 1981 
151 p refs 
(Grant NsG-3011) 

(NASA-CR-165603: NAS 1.26:165303) Avail: NTIS 

HC A08/MF A01 CSCL 21C 

Tha multipole discharge chamber of an electrostatic ion 
thruster is discussed. No reductions in discharge losses were 
obtained, despite repeated demonstration of anode potentials more 
positive than the bulk of the discharge plasma. The penalty 
associated with biased anode operation was reduced as the 
magnetic integral above the biased anodes was increased. The 
hollow cathode Is discussed. The experimental configuration of 
the Hall current thruster had a uniform field throughout the ion 
generation and acceleration regions. To obtain reliable ion 
generation. It was necessary to reduce the magnetic field strength, 
to the point where excessive electron backflow was required to 
establish ion acceleration. The theoretical study of ion acceleration 
with closed electron drift paths resulted in two classes of solutions. 
One class has the continuous potential variation in the acceleration 
region that Is normally associated with a Hall current accelerator. 
The other class has an almost discontinuous potential step near 
the anode end of the acceleration region. This step includes a 
significant fraction of the total acceleration potential difference. 

Author 


N82-24287*# General Dynamics/ Convair, San Diego, Calif. 
LOW-THRUST CHEMICAL PROPULSION SYSTEM PRO- 
PELLANT EXPULSION AND THERMAL CONDITIONING 
STUDY, EXECUTIVE SUMMARY 

F. Merino, I. Wakabayashi, R. L Pleasant, and M. Hill Apr. 
1982 42 p refs 
(Contract NAS3-22650) 

(NASA-CR-16S622; GDC-NAS-82 <001; NAS 1.26:165622) 
Avail: NTIS HC A03/MF A01 CSCL 2VH 

Preferred techniques for providing abort pressurization and 
engine feed system net positive suction pressure (NPSP) for 
low thrust chemical propulsion systems (LTPS) were determined. 
A repretantative LTPS vehide configuration is presented. Analysia 
tasks include: propellant heating analysis; pressurant require- 
ments for abort propellant dump; and comparative analysis of 
pressurization techniques and thermal subcoolers. T.M. 


N82-24288*)ii Genoral Dynamics/ Convair. San Diego, Calif. 
LOW-THRUST CHEMICAL PROPULSION SYSTEM PRO- 
PELLANT EXPULSION AND THERMAL CONDITIONING 
STUDY 

F. Merino. I. Wakabayashi, R. L. Pleasant, and M. Hill Apr. 
1982 210 p refs 
(Contract NAS3-22650) 

(NASA-CR-167841; GDG-NAS-82-002; NAS 1.26:167841) 
Avail: NTIS HC A10/MF AOT CSCL 21 H 

Thermal conditioning systems for satisfying engine net positive 
suction pressure (NPSP) requirements, and propellant expulsion 
systems for achieving propellant dump during a retum-to-launch 
site (RTLS) abort were studied for LH2/L02 and LCH4/L02 
upper stage propellant combinations. A state-of-the-art thermal 


conditioning system employing helium Infection beneath the 
liquid surface shows the lowest weight penalty for L02 and 
LCH4, A technology system incorporating a thermal subcooler 
(heat exchanger) for engine NPSP results in the lowest weight 
penalty for the LH2 tank. A preliminary design of two state-of-the- 
art and two new technology systems indicates a weight penalty 
diffarence too small to warrant development of a LH2 thermd 
subeooler. Analysis results showed that the LH2/L02 propellant 
expulsion system is optimized for maximum dump line diameters, 
whereas the LCH4/L02 system is optimlied for mmimum dump 
line diarneter (LCH4) and maximum dump line diameter (L02). 
The primary uncertainty is the accurate determination of two-phase 
Sow rates through the dump system: experimentation k not 
recommended because this uncertainty is not considered 
fiignlficant. Author 


NS2-26381^/if Tuskegee Inst., Ala. 

CHARACTERIZATION OF ADVANCED ELECTRIC FRORUL- 
SION SYSTEMS Final Report, 1 Jun. 1SS0 • 31 Jen. 1SS2 

Pradosh K. Ray May 1982 82 p refs 
(Grant NAG3-76) 

(NASA-CR-1 67885; NAS 1.26:167885) .Avail; NTIS 
HC A05/MF A01 CSCL 21 C 

Characteristics of several advanced electric propulsion systems 
are evaluated and compared. The propOsion systems studied 
are mess driver, rail gun, MPD thruster, hydrogen free radical 
thruster and mercury electron bombardment Ion engine- These 
are characterized by specific impulse, overall efficiency, input 
power, average thrust, power to average thrust ratio and average 
thrust to dry weight ratio. Several important physical characteris- 
tics such as dry system mass, accelerator length, bore siz'd and 
current pulse requirement are also evaluated in appropriate cases. 
Only the ion engine can operate at a specific impul^ beyond 
2000 sec. Rail gun, MPO thruster and free radical thruster are 
currently characterized by low efficiencies. Mass drivers have 
the best performance characteristics in terms of overall efficiency, 
power to average thrust ratio and average thrust to dry weight 
ratio, But, they can only operate at low specific Impulses due 
to large power requirements and are extremely long due to 
limitations of driving current. Mercury ion engines have the next 
best performance characteristics while operating at higher specific 
impulses. It Is concluded that, overall, Ion engines have somewhat 
better characteristics as compared to the other electric propulsion 
systems. Author 


N82-28350*/ji Colorado State Univ., Fort;CoHins. Dept, of 
Mechanical Engineering. 

ELECTRIC AND MAGNETIC FIELDS 

Harold R. Kaufman. Raymond S, Robinson, and Richard D. Etters 
Mar. 1982 42 p refs 
(Grant NsG-3011) 

(NASA-CR-165604; NAS 1.26:165604) Avail: NTIS 

HC A03/MF A01 CSCL 21C 

A number of energy momentum anomalies are described 
that result from (he use of Abraham- Lorentz electromagnetic 
theory. These anomalies have in common the motion of charged 
bodies or current carrying conductors relative to the observer. 
The anomalies can be avoided by using the nonflow approach, 
based on internai energy of the electromagnetic field. The 
anomalies can also be avoided by using the flow approach, if 
all contributions to flow work are included. The general objective 
of this research is a fundamental physical understanding of electric 
. and magnetic fields which, in turn, might promote the develop- 
ment of new concepts In electric space propulsion. The approach 
taken is to Investigate quantum representations of these fields. 

T.M. 


1112-33424*# TRW Defense and Space Systems Group* Redondo 
Beach, Calif. 

INTEGRATED PROPULSION FOR NEAR-EARTH SPACE MIS- 
SIONS. VOLUME 1: EXECUTIVE SUMMARY Final Rsport, 
29 Ssp. 1980 - 29 Ssp. 1981 

C. L Dailey, H. F. Meissinger, R. H. Lovberg, and S. Zafran Oct. 
1981 27 p refs 
(Contract NAS3-22661) 

(NASA-CR-167889-Vol-l ; NAS 1 .26:167889-VoM ; 
TRW-37255-6001-UT-VOI-1) Avail: NTIS HC A03/MF A01 CSCL 
21C 
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Tradeoffs between electric propulsion system mass ratio and 
transfer time from LEO to GEO were conducted parametrically for 
various thruster efficiency, specific Impulse, and other propulsion 
parameters, A computer model was developed for performing orbit 
transfer calculations which included the effects of aerodynamic 
drag, radiation degradation, and occultaticn. The tradeoff results 
whtmnd that thruster technology areas !or integrated propulsion 
should be directed towards Im^oving primary thruster efficiency 
in the range from 1500 to 25QO seconds, and be continued towards 
redudr)g specific mass. Comparison of auxiliary propulsion systems 
showed large total propellant mass savings with integrated electric 
auxiliajy propulsion. Stationkeeping is the most demanding on orbit 
propulsion requirement At area densities above 0.5 sq m/kg, 
East*West stationkeeping requirements from solar pressure exceed 
North-South stationkeeping requirements from gravitational forces. 
A solar array pointing strategy was developed to minimize the 
•ffects of atmospheric drag at, low altitude, enabling electric 
propulsion to Initiate orbit transfer at Shuttle’s maximum cargo 
carrying altitude. Gravity gradient torques are used during ascent 
to sustain the spacecraft roll motion required for optimum solar 
array Illumination. A near optimum cover glass thickness of 6 mils 
was established for LEO to GEO transfer. Author 


NS2-33425*# TRW Defense and Space Systems Group, Redondo 
Baach, Calif. 

INTEGRATED PROPULSION FOR NEAR-EARTH SPACE MIS- 
SIOH8. VOLUME 2: TECHNICAL Final Raport, 29 Sap. 1980 • 
29 Sap. 1981 

C. L Dailey, H. F. Melssinger, R. H. Lovberg, and S, Zafran Oct. 
1981 173 p refs 
(Contract NAS3-22661) 

(NASA-CR-167809-VOI-2; NAS 1.2C*167809-Vol-2; 
TRW-37255-6002-UT-Vol-2) Avail: NTIS HC AO0/MF A01 CSCL 
2TC 

The calculation approach is described for parametric analysis 
of candidate electric propulsion systems employed In LEO to GEO 
missions. Occullatlon relations, atmospheric density effects, and 
natural radiation effectr are presented. A solar cell cover glass 
tradeoff Is performed to determine optimuni) glass thickness. Solar 
array and spacecraft pointing strategies are des>':ribed for low 
altitude flight and for optimum array Illumination during ascent. 
Mass ratio tradeoffs versus transfer time provide direction for 
thruster technology Improvements. Integrated electric propulsion 
analysis Is performed for orbit boosting, Inclination change, attitude 
control, stationkeeping, repositioning, and disposal inunctions as 
well as power sharing with payload on orbit. Comparison with 
chemical auxiliary propulsion Is made to quantify the advantages 
of Integrated propulsion In terms of weight savings and concomittant 
launch cost savings. Author 


N82‘11110*| Boeing Aerospace Co.. Seattle. Wash. 

STUDY OF ELECTRICAL AND CHEMICAL PROPULSION 
SYSTEMS FOR AUXILIARY PROPULSION OF LARGE SPACE 
SYSTEMS. VOLUME 1: EXECUTIVE SUMMARY 

W. W. Smith and J. P. Clark Nov. 1981 36 p refs 2 Vol. 
(Contract NAS3-2 1952} 

(NASA-CR-165502-VoM: Dl80-25956.3-VoM) Avail; NTIS 
HC A03/MF A01 CSCL 21 H 

The objective was to determine the direction auxlliarv 
propulsion research and development should take to best meet 
upcoming needs. The approach used was to define the Important 
electrical and chemical propulsion characteristics In terms of the 
demands that will be imposed by future spacecraft. Comparison 
of these desired characteristics and capabilities with those 
presently available was then used to identify deficiencies. T.M. 


A82-11762 * 4 High- and low-resUtivity silicon solar cells. A. 

Meulenberg, Jr. and R. A. Arndt (COfviSAT Laboratories, Clarksburg, 
MD). In; Intersociety Energy Conversion Engineering Conference, 
16th, Atlanta, GA, August 9-14, 1981, Proceedings. Volume 1. 
(A82-1 1701 02-44) New York, American Society of Mechanical 
Engineers, 1981, p. 397-399. 13 refs. Research sponsored by the 
Communications Satellite Corp.,‘ Contracts No. NAS3-21280; No. 
NAS3-22217. 

ORIGINAL PAdS IS 
OF POOR QUALITY 


Attention Is given to recent work at COMSAT Laboratories on 
Improving silicon solar cell efficiencies and open-circuit voltages for 
both high (more than 1000 ohm-cm) and low (less than 1 phm-cm) 
resistivities. It is noted that open-circuit voltages above 650 mV have 
been obtained for 0.1 ohm-cm cells and that air mass tero 
efficiencies of 12.5% have been measured from 4-mi( 1,250 ohm-cm. 

C.R. 


A82-1U434 * ff 30-cm mtroury ion thruster tedinolofv, R, L. 

Poeschel, J. R. Beattie, P. A. Robinson, and J. W, Ward (Hughes 
Research Laboratories, Malibu, CA). In; Electric propuftlon and Its 
applications to space missions^ (A82- 15432 04-12) New York, 
American Institute of Aeronautics and Astronautics, 1981, p, 
346-361. 21 refs. Contract No. NAS3-21040. 

The LeRC/Hughes 30-cm mercury ion thruster has been 
developed to a state of maturity such that Is has become meaningful 
to formulate models for describing the performance characteristics of 
the major subassemblies. The thruster hollow cathode and the (on 
optics subassemblies have been investigated with this objective and 
conceptual, semiquantitative models have been formulated for 
relating lifetime and performance capabilities to design and operating 
parameters. This paper summarizes the investigations, discusses the 
factors considered for inclusion In the models, and describes the 
status of the models. (Author) 


A82-1543S • ff CharKtaritticf of tha LaRC/HughM J-Mriai 
30-cm engineering model thruiter, C. R. Collett, R. L. Poeschel, and 
S, Kami (Hughes Research Laboratories, Malibu, CA). In: Electric 
propulsion and Its applications to space missions. (A82-1 5432 04-1 2) 
New York, American Institute of Aeronautics and Astronautics, 
,981, p. 376-388. 25 refs. Contracts No. NAS3-21052; No. 
NAS3-21357. 

As a consequence of endurance and striictural tests performed 
on 900-series engineering model thrusters (EMT), several modifica- 
tions In design were found to be necessary for achieving performance 
goals. The modified thruster Is known as the J-serles EMT. The most 
important of the design modifications affect the accelerator grid, 
gimbal mount, cathode polepiece, and wiring harness. The paper 
discusses the design modifications Incorporated, the condition (s) 
they corrected, and the characteristics of the modified thruster, 

(Author) 


A82-18191 ^ Mast Driver Two - A status report W. R. 

Snow, R. S. Dunbar, J. A. Kubby, and G. K. O'Neill (Princeton 
University, Princeton, NJ). (U S. Army Armaments Research and 
Development Command and Defense Advanced Research Projects 
Agency, Conference on Electromagnetic Guns and Launchers, San 
Diego, CA, Nov. 4-6, 1980.) IEEE Transactions on Magnetics, vo\, 
^»IAG-18, Jan. 1982, p, 127-134. 9 refs. Research supported by the 
Space Studies Institute; Grant No. NsG-3176. 

The current status of Mass Driver Two, a linear synchronous 
motor for accelerating payloads or reaction mass, is discussed. Mass 
Driver Two combines all the essential elements of an Operational 
mass driver with the exception of bucket recirculation and payload 
handling. These essential elemenu include: magnetic flight, vacuum 
environment, superconducting bucket coils, high acceleration (nomi- 
nally 500 g's), optical position sensing and electronic triggering, 
power circuitry similar to that of a flight article, and regenerative 
braking. Mass Driver Two is operated on a single shot basis. V.L. 


A82-18199 * Mass driver reaction engine characteristics t/oA 

performance in earth orbital transfer missions. W. R. Snow and R. S. 
Dunbar (Princeton University, Princeton, NJ). (U.S. Army Arma- 
ments Research and Development Command and Defense Advanced 
Research Projects Agency, Conference on Electromagnetic Guns and 
Launchers, San Diego, CA, Nov. 4-6, 1980.) IEEE Transactions on 
Magnetics, vol. MAG-18, Jan. 1982, p. 176-189. 19 refs. Research 
supported by the Space Studies Institute; Grant No. NsG-31 76, 
Configurations of a typical mass driver reaction engine (MDRE) 
are presented and Its use for delivery of o^Vloads to geosynchronous 
orbit (GEO) from fbW earth orbit (LEO) is discussed. Basic rocket 
equations are developed for LEO to GEO round-trip missions using a 


tingle eMhaust veiochy. It 1$ shown that exhaust velocities In the 5*10 
km/tec range (specific Impulse of 600*1000 sec) are well suited for 
mass drivers, minimizing the overall cost of missions. Payload 
delivery rate frKtlons show that there Is little to be gained by 
stretching out LEO to GEO transfer times from 90 to 180 days. It 
therefore pays to use the shorter trip time, approximately doubling 
the amount of delivered payload during any fixed time of use of the 
MORE. V.L. 


A«2*350se * # Propulaion tytlom options for tow*accsl«rstion ortH 

transfsf. L. Schoenman (Aero|ei Liquid Rocket Co.* Sacramento. CA). AtAA, 
SAE, and ASME, Joint Propulsion Conforenco, 16tht Cleveland, OH, June 2U23^ 
1962, AIAA Paper 62-1 196, 7 p. 6 refs. Contracts No. NAS3*21940; No. NAS3- 
22665. 

The present Inventory of developed blpropeliant engines suitable for the orbit 
transfer of large space structures is based on the uso of storable propellants 
(nitrogen tetroxWe/monomethyl hydrazine). A range of engine sizes from 22N (5 
IbF) to over 26.690N (6000 IbF) Is available. These engines are capable of 
delivering spedflc impulse values from 2795 to 3089 N-s/kg (285 to 315 IbF- 
sec/lbm). A comparison is made between the attainable specific Impulse of these 
demonstrated e^nes and future low*thrust engine designs which can utilize 
LOX/RP-1 , LOX-methane, and LOX/hydrogen propellants. The requirements for 
cooling these smalt engines for multLhour burns as well as the merits of operating 
at nonoptimum performance mixture ratios to Improve cooling margins and 
reduce tank volumes are addressed in this paper. (Author) 


ORfGSNAf PAGE fS 
OF POOR QUALITY 


A82-37713 * # Developing a Beatable Inert gas Ion thruatar. E. James, 
W Ramsey, and G. Steiner (Xerox Electro-Optical Systems, Pasadena, CA). 
AIAA, SAE, and ASME, Joint Propulsion Conference, 16th, Cleveland, OH, June 
21-23, 1982, AIAA Paper 82-1275. 9 p. 9 refs. Contracts No. NAS3-22444; No. 
NAS3-22876. 

Analytical studies to Identify and then design a high performance scalable Ion 
thruster operating with either argon or xenon for use in large space systems are 
presented. The magnetoelectrostatic containment concept is selected KNr Its 
efficient ion generation capabilities. The iterative nature of the bounding magnetic 
fields allows the designer to scale both the diameter and length, so that the 
thruster can be adapted to spacecraft growth over time, Three different thruster 
assemblies (conical, hexagonal and hemispherical) are evaluated for a 12 cm 
diameter thruster and performance mapping of the various thruster configura- 
tions shows that conical discharge chambers produce the most efficient dis- 
charge operation, achieving argon efficiencies of 50-80% mass utilization at 
240-3 1 0 eV/lon and xenon efficiencies of 60-97% at 240-280 eV/ion. Preliminary 
testing of the large 30 cm thruster, using argon propellant, indicates a 35% 
improvement over the 12 cm thruster In mass utilization efficiency. Since Initial 
performance is found to be better than projected, a larger 50 cm thruster is 
already in the development stage. N.B. 
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23 CHEMISTRY AND MATERIALS 
(GENERAL) 

Includes biochemistry and organic chemistry. 


Nitional Aeronautics and Space Admlnistratk>n. 
Lewis Research Center^ Cleveland, Ohio. 

TNeNMODYNAMICS A^D KINETICS OE THE SULEATION 
OF FOSOUS CALCIUM SlUCATE 

Robert A. Miller and Fred J. Kohl 1981 18 p refs Presented 
at the Fall Meeting of the Etectrochem, Soc., Inc., Denver, 
1M7 Oct, 1981 

|NASA<>TM<82769; E-1023) Avail: NTIS HC A02/MF A01 
CSCL 11G 

The sulfation of plasma sprayed calcium silicate in flowing 
S02^air mixtures at 900 and 1000 C was investigated therfru)- 
gravimetrically. Reaction products were analyzed using electron 
mkroprobe and X-ray diffraction analysis techniques, and results 
were compared with thermodynamic predictions. The percentage, 
by volume, of S02 in air was varied between 0.036 and 
10 percent. At 10 percent S02 the weight gain curve displays 
a concave downward shoulder early in the sulfation process. An 
analytical model was developed which treats the Initial process 
as one which decays exponentially with Increasing time and the 
subsequent process as one which decays exponentially with 
increasing weight gain. At lower S02 levels the initial rate is 
coftitrolled by the reactant flow rate. At 1 100 C and 0.036 percent 
S02 there is no reaction, in agreement with therrrM>dynamic 
p(adictions. S.L. 


N82-17263*! National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FERFORMANCE OF FTFE-UNED COMFOSITE JOURNAL 
EEARiNQS 

Harold E Sliney and Frank J. Williams (North American Aviation, 
Inc., Los Angelos) 1982 18 p refs Presented at Ann. Meeting 
of the Am, Soc> of Lubrication Engr., Cincinnati. 10'13 May 
1982 

(NASA-TM-82779: E-1110) Avail: NTIS HC A02/MF A01 
CSCL 131 

Plain cylindrical journal bearings- consisting of aramld fiber 
reinforced epoxy outer shells and glass fiber reinforced PTFE 
lubricating liners were evaluated, All materials in these bearings 
are electrically nonconductive: thus eliminating the problem of 
galvanic corrosion sometimes encountered with metal bearings 
installed in dissimilar metal mountings. Friction and wear 
characteristics were determined for loads, temperatures, and 
oscillating conditions that are typical of current airframe bearing 
applications. Friction and wear characteristics were found to be 
compatible with most airframe bearing requirements from >23 C 
to 121 C, Contamination with MIL H-S606 hydraulic fluid 
increased wear of the PTFE liners at 121 C, but did not affect 
the structurol integrity of the aramid/epoxy composite. Author 


A82-23773 * Inexpensive croit-linked polymeric separators 

medf, from water-soluble polymers. L.-C, Hsu and D. W. ^eibley 
(NASA, Lewis Research Center, Cleveland, OH). Electrochemical 
Society, Journal, vol, 129, Feb, 1982, p. 251-254, 

polyvinyl alcohol (PVA), cross-linked chemically with aldehyde 
reagents, produces membranes which demonstrate oxidation re- 
sistance, dimensional stability, low Ionic resistivity (less than 0.8 
Ohms sq cm), low zincate diffuslvity (less than 1 x 10 to the -7th 
mols/sq cm per min), and low zinc dendrite penetration rate (greater 
than 350 min) which make them suitable for use as alkaline battery 
separators. They are Intrinsically low In cost, and environmental 
health and safety problems associated with commercial production 
appear minimal. Preparation, property measurements, and cell test 
results in Ni/Zn and Ag/Zn cells are described and discussed. 

(Author) 


Nt8*12188*| Uitratytltms. Inc., Irvlno, Calif. 

THIRMAL OXIDATtVE OENRADATION R8ACTION8 OF 
FfRFLUOROALKYUTHiRi F»nM R«pM, 9 ^ 1800 ItF* 

1801 

K. L Paclorok, T L Ito, and H- Krttior Oct. 1881 40 p 
(Contract NAS3-22617) 

(NASA-CR-165516; SN-1020-A1-F) Avail: NTIS 

HC A03/MF A01 CSCL 07C 

Tha machaniame oparaliva In thermal oxldativa degradation 
of Fbmbijn Z and haxafluoropropana oxida daHvad Ouida and 
tho affact of aNoya and additivaa upon that# procaaaat art 
invaatigaiid. Tha nature of arrangamants raeponalbla for tha 
inhafant thermal oxidative Inatabllity of the Fomblin Z Ruida la 
not aatablithad. It waa datarmlnad that thii behavior it not 
aaaoclatad with hydrogen and groups or paroxy linkaota, Tha 
dagradttlon rata of thaaa fluid# at alavatad tamparaturaa In 
oxi^ing atmoipharaa ia dependant on tha aurfaca/voluma ratio. 
Onca a limiting ratio la reached, a ataady rata appear# to be 
atuilnad. Based on alamantal analyaia and oxygen conaumptlon 
data^ CF20CF2CF202. no. CF2CF20. la one of tha major 
•rraiigamanu praaant. The action of tha M-50 and Ti(4 At, 4 Mn) 
adoya is much more draatic in tha case of Fotr«blin Z fluids 
than that obaarvad for tha haxafluoropropana derived matariala. 
Tha affactivanaas of antioxidation anticorroeion additivaa, P-3 
and phospha-s-triazina. In the prasanca of metal oHoy* i* vary 
Mmitad at 3 1 6 C; at 288 C tha additives arrested almost complataly 
tha fluid degradation. Tha phoapha-s-triazlna appaara to ba at 
laaat twice as affoctiva as the P-3 compound; it also proiiactad 
tho coupon batter. The Ti(4 Al. 4 Mn) adoy dagradad tha fluid 
mainly by chain sclaslon procaaaaa this takas place to a much 
laasar dagraa with M-50. S,L 


A82-16696* QuantltatNa separation of tatralln hydro- 

paroxida from Its decomposition products by high parformantt 
Hquid chromatography, J. H. Worstell and S. R. Daniel (Colorado 
School of Mines, Golden, CO). Journal of Liquid Oirometography, 
vol, 4, 1981 , p. 539-547, 19 refs. Grant No. NsG-31 22. 

A method for the separation and analysis of tetralin hydro- 
peroxide and its decomposition products by high pressure liquid 
chromatography has been enveloped. Elution with a singit, mixed 
solvent ^rom a micron-Porasil coluinn Was employed. Constant 
response factors (internal standard mathod) over large conctntration 
ranges and reproducible retention parameters are reported. 

(Author) 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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24 COMPOSITE MATERIALS 

fncludss lamlnatss, 


original 

OF POOR 


Nt2>11 117*1 Nations! Aaronautfcs and Space Administration 
liwii Research Center, Oewefand. Ohio. 

NOVEL IMRNOVID FMR POtVIMIDEE 

Ruth H. Pater 1981 16 p refs Presented at the 13th Natl. 

SAMPE Tech. Conf., Ml. Pocono. Pa., 13-15 Oct. 1981 

(NASA-TM-82733; E-1045) Avail; NTIS HC A02/MF A01 

CSCL110 

A series of N>pheny)nadimide (PN) modifiet^ PMR polyimide 
composites reinforced with graphite fibers was investigated. The 
improved flow matrlK resins consist of N*phenylnadimide (PN). 
monomenthyi ester of 5-nprbornene'2. 3-dicafbo)(yitc add (NE). 
dimethyl ester of 3.3. 4.4>benzophenonetetracarboxylic acide 
(BTOE), and 4.4 methylenedianlline (MDA). Five modified PMR 
resin systems were formulated by the addition of 4 to 20 mole 
percent N-phenylnadimide to the standard PMR-16 composition 
These formulations and the control PMR re$in were evaluated 
for rheological characteristics, The initial thermal and mechanical 
properties of the PN modified PMR and the control PMR/.Gelion 
6000 composites were determined. The results show that the 
addition of N^phenylnadimide to PMR- 15 significantly Improved 
the resin flow characteristics without sacrificing the composites 
properties. Concentrations of 4 and 9 mote percent PN appear 
to improve the thermoxidative stability of PMR composites. 

A.R.H. 


N82*142E7*/j( National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

DURABIUTY/UFE OF FIBER COMFOSITEB IN HYQRO- 
THERMOMiCHANICAL ENViRONMENtS 

C. C. Chamis and J. H. Sinclair 1981 28 p refs Presented 
at the Sixth Conf. on Composite Mater.: Testing and Design 
sponsored by the Am. Soc. for Testing arid rhoenix, 

Ariz.. 12-13 May 1961 

(NAiS;A-TM-82749: E-1065) Avail: NTIS HC A03/MF A01 
CSCL 1 10 

Statistical analysis and multiple regression wore used to 
determine end quantify the significant hygrothermpmechanical 
variables which infuence the tensile durability/life (cycle loading, 
fatigue) of boron-fiber/epoxy- matrix (B/E) and high-modutus- 
fiber/epoxy-matrix (HMS/E) composites. The use of the multiple 
regression anelyais reduced the veriables from fifteen, assumed 
initially, to six or less with a probability of graater than 0.999. 
The reduced variables were used to derive predictive models for 
compression an intralaminar shear durability/llfa of B/E and 
HMS/E composites assuming isopsramotric fatigue behavior, Tht 
predictive models ware subsequently generalizod to predict the 
durability/life of graphite*ftbar-r generalized model is of simple 
fprm, predicts conservative values compared with meeeured data 
and should be adequate for use In prelimina^ designe, B.W. 


N82-16181*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

PREDICTION OF COMPOSITE HYGRAL BEHAVIOR MADE 

8IMFU 

Christos C. Chamis and J. H. Sinclair 1982 30 p refs Presented 
at the 37th Ann. Conf. of the Soc. of the Plastics Ind, (SPI). 
Washington. D.C.. 12-15 Jan. 1982 

(NASA-TM-82780; E-1022) Avail: NTIS HC A03/MF A01 
CSCL11D 

A convenient procedure is described to determine the hygral 
behavior (moisture expansion coefficients and moisture stresses) 
of angleplied fiber composites using a pocket calculator. The 
procedure consists of equations and appropriate graphs for various 
(H- or - theta) ply combinations. These graphs present reduced 
stiffness and moisture expansion coefficients as functions of ( f 
or - theta) in order to simplify and expedite the use of the 
equations. The procedure is applicable to all types of balanced, 
symmetric fiber composites including interply and intraply hybrids, 
The Versatility and generality of the procedure is illustrated using 
several step-by-step numerical examples. Author 


PAGE fS 
QUALITY 

N82-21 288*1 National Aeronautics and Spaca Administration. 
Lawis Research Centar. Clavatand. Ohio. 

STRENGTH ADVANTAGES OF CHEMICALLY FOU8HED 
BORON FIBERS BEFORE AND AFTER REACTION WITH 
ALUMINUM 

Jamas A, DiCarlo and Robert J, Smith 1982 28 p refs 

Presented at ihe 6th Ann. Conf. on Cpnipofltas and Advancad 
Matar,. Cocoa Beach. Fla.. 18*21 Jan. 1982; sponsortd by tha 
Amarican Caramic Society 

(NASA-TM-82806; E-1146; NAS 1.15:82806} Avail; NTIS 
HC A03/MF AOl CSCL HO 

In order to detarmine th^ir strength potential, tha fracture 
properties of different types of commercial boron fibers wpre 
measured before and after application of secondary strangthenlng 
treatments. The principal traatmems employed were a slight 
chemical polish, which removed low strength surface flaws, and 
a heat treatment in oxygen, which contracted the fibers and 
thereby compressed intrinsic bulk flaws. Those fiber types most 
significintly strengthened were 2(X) to 400 micrometers (8 to 
19 mil) diameter boron on tungsten fibers produced In a single 
chemical vapor deposition reactor. The slight polish incraasad 
avaragt tensile strenghts from 3.4 to 4.4 CN/m2GN/sq m (500 to 
640 ksl) end reduced coefficients of variation from about 15 to 
3 percent. The oxygen heat treatment plus slight polish futther 
improved averege strengths to 5.5 GN/m2 GN/sq m (800 ksl) with 
coafficiants near 3 percent. To ascertain whether these expellent 
properties could be retained after fabrication of B/Al composites, 
as produced and polished 203 micrometers (8 mil) fibers were 
thinly coated with aluminum, heat treated at B/AI fabrication 
tamparatures, and than tattad in tension and fiaxura at room 
temperature. The pre -polished fibers were obsen/ed to retain thelf 
superior strengths to higher temperctures than the as-producad 
fitMrs even though both were subjected to the same datrlman* 
tai reaction with aluminum Author 


N82-21269*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

TUNGSTEN FIBER REINFORCED SUPERALLOY COM- 
POSITE HIGH TEMPERATURE COMPONENT DESIGN 
CONSIDERATIONS 

Edward A. Winsa 1982 23 p refs Presented at the 111th 
Ann. Meeting of the Am, Inst, of Mining. Met, and Petrol. Engr.. 
Dallas. 14-18 Feb. 1982 

(NASA-TM-e2811; E-1152; NAS 1.15:82811) Avail: NTIS 
HC A02/MF AOl CSCL 110 

Tungsten fiber reinforced superalloy composites (TFRS) are 
intended for use in high temperature turbine components. Current 
turbine component design methodology is based on applying 
the experience, sometimes semiempirical. gained from over 
30 years of superalloy componer^t design. Current composite 
component design capability is generally limited to the methodol- 
ogy for low temperature resin matrix composites. Often the 
tendency Is to treat TFRS as just another superalloy or low 
temperature composite. However. TFRS behavior is significantly 
different than that of superaltoys. and the high environment adds 
consideration not common in low temperature composite 
component design < The methodology used for preliminary design 
of TFRS components are described. Considerations unique to 
TFRS are emphasized Author 


N82-21 260*1)1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio, 

THERMAL DEGRADATION OF THE TENSILE PROPERTIES 
OF UNDIRECTIONALLY REINFORCED FP-AI203/EZ 33 
MAGNESIUM COMPOSITES 

R. T. Bhatt (AVRADCOM) and H. H. Grimes 1982 9 p refs 
Presented at the 11 1th Ann. Meeting of the Am. Inst, of Mining. 
Met. and Petro. Engr. Dallas. 14-18 Feb. 1982 
(NASA-TM-82817; E-H64: NAS 1,15:82817; 
AVRADCOM-TR-82-C-2) Avail: NTIS HC A02/MF AOl CSCL 
11D 

The effects of isothermal and cyclic exposure on the room 
temperature axial and transverse tensile strength and dynamic 
flexural modulus of 35 volume percent and 55 Volume percent 
FP-A1203/EZ 33 magnesium composites were studied. The 
composite specimens were continuously heated In a sand bath 
maintained at 350 C for up to 1 50 hours or thermaily cycled 
between 50 and 250 C or 50 and 350 C for up to 3000 cycles. 
Each thermal cycle lasted for a total of six minutes with a hold 
time of two minutes atthe maximum temperature. Results indicate 
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to significant loss In the room temi^erature axial tensite strength 
and dynamic (leKural modulus of composites thermally cycled 
between 50 and 250 C or of composites Isothermally heated at 
350 C for up to 150 hours from the strength and modulus 
data for the untreated^ as fabricated composites. In contrast, 
thermal cycling between 50 and 350 C caused considerable 
loss in both room temperature strength and modulus. Fractographic 
analysis and measurement of composite transverse strength and 
matrix hardness of thermally cycled and isothermally heated 
composites indicated matrix softening and fiber/matrix debonding 
due to void growth at the interface and matrix cracking at the 
likely causes of the strength and modulus toss behavior. SX> 


N02*22313*| National Aoronautics and Space Administration. 
Lewis Research Canter. Cleveland. Ohio. 

COMMiSSiON BEHAVIOfI OF UNiDiRECTIONAL FI* 
■nous COMPOSITE 

J. H, Sinclair and C. C. Chamls 1982 20 p refs Presented 
it Symp. on Compression Testing of Homogeneous Mater, and 
Composites. Wiillemsburg. Va.. 10*1 1 Mar. 1982; sponsored by 
Am. Soc. for Testing and Materials 

(NASA*TM*82833; E*1145; NAS 1.15:82833) Avail: NTIS 
HC A02/MF A01 CSCL 110 

The longitudinal compression behavior of unidirectional fiber 
composites is investigated using a modifiad Calanese test method 
With thick and thin test specimens* The test data obtained are 
interpreted using the stress/straIn curves from back*to*back strain 
gages, examination of fracture surfaces by scanning electron 
microscope, and predictive equations for distinct failure modes 
including fiber compression failure. Euler buckling, detamination. 
and flexure. The results show that the longitudinal compression 
fracture is induced by a combination of delamination, flexure, 
and fiber tier breaks. No distinct fracture surface characteristics 
can be associated with unique failure modes. An aquation it 
described which can be used to extract the longitudinal 
compression strength knowing the longitudinal tensile and flexural 
strengths of the same composite system. M.G. 


N82*24297*/jf National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

FACTORS INFLUENCING THE THERMALLY-INDUCED 
STRENGTH DEGRADATION OF B/At COMPOSITES 
James A.* DiCarlo 1982 17 p refs Presented at the Symp, 
on Failure Modes in Metal Matrix Composites. Dallas. 15*19 Feb, 
1982: sportsoied by Am. Inst, of Mining. Met. and Petrol. Engr. 
{NASA-TM-82823: E-1175: NAS 1.16:82823) Avail: NTIS 
HC A02/MF A01 CSCL 11D 

Literature data related to the themialty-induced strength 
degradation of 8/ At composites were examined in the light of 
fracture theories based on reaction-controlled fiber weakening. 
Under the assumption of a paraboiic time-dependent growth for 
the interfacial reaction product, a Griffith-type fracture model 
was found to yield simple equations whose predictions were in 
good agreement with data for boron fiber average strength and 
for B/Ai axial fracture strain. The only variables in these equations 
were the time end temperature of the thermal exposure and an 
empirical factor related to fiber surface smoothness prior to 
composite consoildation. Such variables as fiber diameter and 
aluminum 9 lloy composition were found to have little influence. 
The basic and practica! Implications of the fracture model equations 
are discussed. Author 


NB2-24300*'| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

DEBIQNING WITH FlQER-HEINFORCED PLASTICS (PLAN- 
AR RANDOM COMPOSITES) 

Christos C. Chamls Washington Mar. 1882 26 p refs 
(NASA-TM-82812: E-1155: NAS 1.15:82812) Avail: NTIS 
HC A03/MF A01 CSCL 1 ID 

The use of composite mechanics to predict the hygro* 
thermomechanical behavior of planar random composites (PRC) 
is reviewed and described. These composites are usually made 
from chopped fiber reinforced resins (thermoplastics or thermo^ 
sets). The hygrothermomecharr*^ behavior tncludos mechanical 
properties, physical properties, thermal properties, fracture 
toughness, creep and creep rupture. Properties are presented in 
graphical form with sample calculations to illustrate their use, 
Concepts such as directional reinforcement and strip hybrids are 
described Typical data that can be used for preliminary design 


for various PRCs art included. Several resins and molding 
compounds used to make PRCs are described briefly. Pertinent 
references ere cited that cover analysii and design tnethods. 
materials, data, fabrication procedures and applications. Author 


NB2*26385*/{f National Aeronautics and Space Administration. 
Lewis Research Center. Oeveland. Ohio. 

METHOD AND APPARATUS FOR STRENGTHENING 

BORON FIBERS Patent Application 

Jarnes A. DiCarlo, inventor (to NASA) Filed 23 Apr. 1982 

12 p 

(NASA-Case-LEW^I 3826-1 ; US-Petent*Appl-SN*37 1 354) Avail: 
NTIS He A02/MF A01 CSCL 11D 

The tensile strength of commercially available boron fibers 
produced by the chemical vapor deposition of boron onto tungsten 
wire substrates is Increased by treating the fibers in an oxygen 
plus inert gas. (argon) atmosphere to about 880 C. High 
temperature oxidation increases the residual compression of each 
tungsten core by forming a thin boron oxide coating on the 
fiber surface so that the fiber contracts axially. This increases 
the intrinsic strength of the fiber by raising the tensile strength 
level required for core Initiated fracture. After cooling to room 
temperature the fibers are chemically polished to reduce their 
diameters by 0.2 mils to 0.6 mils. The reduction in diameter 
removes both original and oxidation induced surface flaws. The 
strengthened fibers are intended to be utiliied as reinforcement 
in composite materials. Such materials may be fooron/aluminum 
or boron/epoxy. NASA 


NB2*26386^| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

ION BEAM TEXTURED GRAPHITE ELECTRODE PLATES 
Patent Application 

James S. S^vey. Ralph Forman. Arthur N. Curren. and Edwin G. 
Wintucky, '^^JVentors (to NASA) Filed 31 Mar. 1982 14 p 
(NASA-Gase-LEW-12919-2: US-Patsnt-Appl-SN*364Q72) Avail: 
NTIS HC A02/MF A01 CSCL 110 

A specially textured surface of pyrolytic graphite exhibits 
extremely low yields of secondary electrons and reduced numbers 
of reflected primary electrons after Impingement of high energy 
primary electrons. Electrode plates of this material are used in 
multistage depressed collectors. An Ion flux having an energy 
between 500 eV and 1000 eV and a current density between 
1.0 mA/sq cm and 6,0 mA/sq cm produces surface roughening 
or texturing which Is in the form of needles or spires. Such 
textured surfaces are especially useful as anode collector plates 
in high efficiency electron tube (devices. NASA 


NB2-30335'^| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

MODULUS. STRENGTH AND THERMAL EXPOSURE 
STUDIES OF FP-AI203/ALUM1NUM AND FP-AI203/MAG* 
NE8IUM COMPOSITES 

R. T. Bhatt 1981 18 p refs Presented at the Symp. on 

Composites and Advanced Mater., Cocoa Beach. Fla.. 18-24 Jan. 
1981 

(NASA*TMf82868; E-1238: NAS 1.15;82868; 
AV6ADCOM-TR-81-C-1) Avail: NTIS HC A02/MF A01 CSCL 

The mechanical properties of FP-AI203 fiber reinforced 
composites prepared by liquid infiltratior. techniques are improved. 
A strengthening addition, nhagnosium. was incorporated with the 
alumlnum-iithium matrix alloy usually selected for those com* 
posites because of its good wetting characteristics. This ternary 
composite. FP-A|203/AI-{2-3)LI-{3-5)Mg, showed Improved 
transverse strength compared with FP-AI203/AI-(2-3)LI com- 
posites. The lower axial strengths found for the FP-AI203/AI-(2*3) 
Li-(3-5)Mg composites v/ere attributed to fabricatipn related 
defects. Another technique was the use of Ti/B coated FP-AI203 
fibers In the composites. This coating Is readily wet by molten 
aluminum and permitted the use of more conventional aluminum 
alloys in the composites. However, the anticipated improvements 
in the axial and transverse strengths were not obtained due to 
poor bonding between the fiber coating and the matrix. A third 
approach studied to improve the strengths of FP-AI203 reinforced 
composites was the use of magnesium alloys as matrix materiais. 
While these alloys wet fibers satisfactorily, the result indicated 
that the magnesium alloy composites used offered no axial 
strength or modulus advantage over FP-AI203/AI-(2-3)Li 
composites. S.L. 
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Nt2«30336*| National Aeronautica and Space Administration, 
tewis Be search Center* Clevelands Ohio 

HiQH TEMPERATUBE COMPOSITES* STATUS AND 
PUTUPE DIRECTIONS 

Robert A. Signorelli 1982 25 p refs Presented at the 4th 
intern. Conf. on CornposUe Mater * Tokyos 26*28 Oct 1982 
INASA4M*82R29; E-1280; NAS 1.15:82929) Avail; NTIS 
HC A02/MF AOt CSCU1D 

A summary of research investigations of manufacturing 
methods, fabrication methods, and testing of high temperature 
composites for use In gas turbine engines is presented. Ceramic/ 
ceramic* ceramic/ metal, and metal/metal composites are 
considered. Directional solidification of superailoys and eutectic 
alloys, fiber reinforced metal and ceramic composites, ceramic 
fibers and whiskers, refractory coatiiigs. metal fiber/ metal 
composites, matrix metai selection, and the preparation of test 
specimens are discussed J.D. 


N82-31449*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

ENVIRONMENTAL AND HIGH-STRAIN RATE EFFECTS ON 
COMPOSITES FOR ENGINE APPLICATIONS 
C. C, Chamis and G. T. Smith 1982 20 p refs Presented at 
the 23rd Struct. Dyn. and Mater. Conf., New Orleans, 10-12 May 
1982; sponsored by AIAA, ASME, ASCE, and AHS Previously 
announced In lAA as A82-3011R 

(NASA-TM-82882; NAS 1*15:82882) Avail: NTIS 

HC A02/MF A01 CSCL 11D 

The Lewis Research Center is conducting a series of programs 
intended to investigate and develop the application of composite 
materials to structural components for turbojet engines. A significant 
part of that effort is directed to establishing resistance, defect 
growth, and strain rate characteristics of composite materials over 
the wide range of environmental and load conditions found In 
com.T,erci 3 l turbojet engine operations. Both analytical and 
experimental efforts are involved. Author 


A82*27440 * Effects of nadic ester concentration and 

processing on physical and mechanical properties of PMB/Celion 
6000 composites. F. I. Hurwitz end J. D. Whittenberger {NASA, 
Lewis Research Center, Cleveland, OH). In: Technology transfer; 
Proceedings of the Thirteenth National Technical Conference, Mount 
Pocono, PA, October 13*15, 1981. {A82-27401 12*24) Azusa, CA, 
Society for the Advancement of Material and Process Engineering, 
1981, p. 477-486. 16 refs. 


A82-37101 * # Sensitivity analysis results of the effects of various 
parameters on composite design. C. C. Chamis (NASA, Lewis Research Cen- 
ter, Structures and Mechanical Technologies Div., Cleveland, OH). In; Reinforced 
Plastics/Composites Institute, Annual Conference, 37th, Washington, DC, Janu- 
ary 11-15, 1982, Preprints. (A82-37081 1 8-24) New York, Society of the Plastics 
Industry, Inc., 1982 (Session 20-B). 8 p. 

Se?^\itivlty analysis results are presented to assess the effects of a multitude 
of Important parameters on fiber composite design and structural response. 
These results were obtained by using optimum design procedures in conjunction 
with sensitivity analyses. Sensitivity analyses were performed to assess the 
effects on composite optimum design and structural response of parameters 
such fiber transverse and shear properties, In situ matrix elastic and strength 
properties, correlation coefficients used In composite mlcromechanics and In 
combined strength predictions, processing variables, and perturbations of loading 
conditions. The results show that matrix properties, liber volume ratio and small 
perturbations of the loading conditions have significant effects on certain compos- 
ite structural responses. The remaining parameters have negligible effect, 

(Author) 


A32-38133 * On determination of fibre fraction In continuous fibre 
composite materials. J. D. Whittenberger, F. I, Hurwitz (NASA, Lewis Research 
Center, Cleveland, OH), J, J. Ricca, and R. M. Jurta (U.S. Army, Army 
Materials and Mechanics Research Center, Watertown, MA), Journal of 
Materials Science Letters, voL 1, June 1982, p. 249*252. 

It is pointed out that the fiber volume fraction is probably the most important 
parameter Influencing the properties of fibrous composite materials. The present 
investigation Is concerned with questions regarding the accurate determination of 
this parameter* It is found that an estimate of the fiber volume fraction based on 


determinations from se^rofa) coupons taken from different regions of a laminate 
is not accurate. At pre&snt fiber volume f^'^ctlons are not drocily measured but 
rather are calculated from the fiber weight fraction and densities of the composito 
and fiber, image analysis techniques can and should bo applied to determine fiber 
volume fraction. However, severai factors have to be considered in this connec- 
tion. It Is necessary to make many measurements of the local fiber area fractions, 
and the preparation of representative planar cross sections paratiel to the fiber 
axis may bo difficuit, Q.R. 


A82-40796 * AppHcntion of a gripping system to test e uniaxial 
graphite fibsr reinforced composite /PMR 15/Celion 6000/ In teneion at 
316 C. J. D. Whittenberger and F. I. HurVvitz (NASA, Lewis Research Center, 
Cleveland, OH). Polymer Composites, vol. 3, Apr. 1982, p. 75-02. 5 refs. 

A gripping system has been developed to test uniaxial, 0 deg orientation PMR 
15/Celion 6000 composites at elevated temperatures. The method involves com- 
pression of grit-blasted iaminaite between grit-blasted metal to give a non-sIlpplng 
interface for load transfer. Tensile testing at both 316 C and room temperature 
indicated that deformation wait elastic to fracture and that the variation In tensile 
properties for one laminate is the same as that for several panels. In addition, the 
tensile properties for uniaxial PMR 15/Geiion 6000 are identical at 316 C and 
room temperature. For nominally 5i volume percent fiber, the elastic modulus is 
1 19.6 GPa, the fracture stress is 1370 MPa, and the strain to fracture Is about 
1.15 percent. In addition, data are presented which Indicate that the gripping 
system can be used for long term, elevated temperature testing of composite 
materials, (Author) 


A32<42657 * High-temp€ir«ture reiint. T. T. Serafini (NASA, Lewis Re- 
search Center, Cleveland, OH). Iru Handbook of composites. (A82-42651 21-24) 
New York, Van Nostrand Reinhold Co., 1982, p. 89-114. 24 refs. 

The basic chemistry, cure processes, properties, and applications of high tem- 
perature resins known as polylmides are surveyed. Condensation aromatic poly- 
mides are prepared by reacting aromatic diamines with aromatic dianhydrides, 
aromatic tetracarboxylic acids, or with dialkyl esters of aromatic tetracarboxylic 
acids, depending on the intended end use. The first Is for coatings or films while 
the latter two are more suitable for polylmide matrix resins, Prepreg solutions are 
made by dissolving reactants in an aprdtic solvent, and advances in the additioh 
of a diamine on the double bond and radical polymerization of the double bond 
are noted to have yielded a final cure product with void-free characteristics. 
Attention is given to properties of the Skybond, Pyralln, and NR-150B polylmide 
prepreg materials and characteristics of aging In the NP-1 50 polyimides. Finally, 
features of the NASA-developed PMR polyimides are reviewed. M.S.K, 


A82-45630 * Forced torsional properties of PMR composites with 
varying nadic ester concentrations and processing histories. F. i. Hurwitz 
(NASA, Lewis Research Center, Cleveland, OH). Polymer Composites, vol. 3, 
July 1982, p. 152-161. 40 refs. 

PMR polylmide resin was prepared from 4, 4*-methylenedianiline, the dimethyl 
estor of 3,3*,4,4'-benzophenonetetracarboxylic acid and the monomethyl ester pf 
5-norbornene-2.3-dicarboxylic acid (NE). The NE group serves as a chain ter- 
minator and crosslinking site. PMR/Celion 6000 composites were fabricated from 
resins having varying NE concentrations using two molding processes, and the 
laminates characterized In forced torsion. Glass transition temperatures (T(g) ) of 
360*390 C were observed In the crosslinked resins, as compared with the litera- 
ture value of 284 C reported for the uncrosslinked system. T(g) did not decrease 
with decreasing NE concentrations over the range from 2,0 to 1,25 moles. Stoichi- 
ometry, within the range studied, shov/ed little influence on shear properties; 
however, a 25% variation In matrix shear modulus with processing was observed. 
The G(12) values determined in forced torsion were in excellent agreement with 
those reported from tensile tests of + or - 45 deg laminates. A branching and 
possible secondary crosslink mechanism is proposed based on dynamic me- 
chanical behavior and infrared spectra of the composites. (Author) 


N82-1 21 39^)1/ Composites Horizons, Pomona, Calif. 

HYBRIDIZED POLYMER MATRIX COMPOSITE Final 
Raport 

Bruce A. Stern and Teunls Visser Sep. 1981 85 p refs 
(Contract NAS3-21384) 

(NASA-CR-1 65340) Avail: NTIS HC A06/MF A01 CSCL 
11D 

Under certain conditions of combined fire and impact, graphite 
fibers are released to the atmosphere by graphite fiber composites. 
The retention of graphite fibers in these situations is investigated. 
Hybrid combinations of graphite tape and cloth, glass cloth, and 
resin additives ere studied with resin systems. Poiyimide resins 
form the most resistant composites and resins based on slmpie 
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novoiaa «poxltt th« itast rasittaht of thoM tastad, Gaat 
Improvamant In tha containmant of tha ftbara Is obtalnad in 
using graphSta/giaii hybrids, and naariy complata pravantlon of 
Individual fibar ralaasa is mada poaslbta by tha usa of rasin 
additivas. S.U 


Nt2-142St*| Wyoming Univ,. laramlo. Composite Materials 
Rasaarch Groups 

ANALYSIS OF CRACK FROPAQATION AS AN ENEflQY 
ASSORPYION MECHANISM IN METAL MATRIX COM- 
POSITES IfitoHm Report Sop. 197S - Doc. liSO 

Donald F. Adams and Daniel P. Murphy Feb. 1981 159 p 

refs 

(Grant NsG-3217) 

(NASA-CRM65051: UWME^0R^101-102-1) Avail: NTIS 
HC A08/Mf A01 CSCL11D 

The crack Initiation and crack propagation capability was 
extended to tha previously devaiopad generalized plane strain, 
finite alamant micromachanics analysis. Also, an axisymmatric 
analysis was devaiopad. which contains alt of tha general features 
of the plana analysis, including elastoplastlc material behavior, 
tamparaturo-dapandant material properties, and crack propogatiof). 
These analyses ware used to generate various axampla problams 
demonstrating the inelastic response of. and crack Inidatkm and 
propagation in. a boron/alumlnum composite. B.W. 


N82*16123*/|f Purdue Univ.. Lafayette, ind. Composite Materials 
Lab. 

INDENTATION UW FOR COMPOSITE LAMINATES 

S, H. Yang 31 Jui. 1981 47 p refs 
(Grant NsG-3185) 

(NASA-CR-16S460: CML-81-1) Avail: NTIS 

HC A03/MF A01 CSCL11D 

Static indentation tests are described for glass/ epoxy and 
graphite/ epoxy "composite laminates with steel balls a^ the 
indantor. Beam specimens clamped at various spans we^e used 
for the tests. Loading, unloading, and reloading data were obtained 
and fitted into power laws. Results show that: (1) contact behavior 
is not appreciably affected by the span; (2) loading and 
reloading curves seem to follow the 1.5 power law; and 
(3) unloading curves are described quite well b*/ a 3 5 power 
law. In addition, values were determined for the critical Indentation, 
alpha sub cr which can be used to predict permanent indentations 
in unloading. Since al()ha sub cr only depends on co.mposite 
material properties, only the loading and 3n unloading curve are 
rieeded to establish the complete loadlng-unloading-reioading 
behavior. Author 


N8206176*/ti TRW, Inc., Cleveland, Ohio. 

FABRICATION OF BORON/ALUMINUM FAN BLADES FOR 
SCR ENGINES Final Report. Jun. 1976 - Jun. 1980 

G. S, Dobte Mar, 1981 49 p refs 

{Contract NAS3-20360) « 

(NASA-CR- 165294; ER-7891-F) Avail: NTIS 

HC A03/MF AOl CSCL IID 

The fabrication of boron/aluminum fan blades for the F-404 
Supersonic Cruise Research prototype engine by rapid air bonding 
of fully dense monotapes is described, and the fan blades 
evaluated. The F-404 configuration is representative of a low 
aspect ratio ^advanced ^design blade with supersonic capability. 
Dovetail pull tests of this geometry, v.?hich substituted boron/ 
aluminum for titanium, suggested that excessive shear stresses 
were present in the root. A re-designed blade, Incorporating a 
titanium tang and root, was fabricated by hot isostatic pressing. 
Blades appeared well bonded but the airfoil contained sizable 
areas of deformation and identification from the alumina grain 
used as a pressure transmitting medium. The use of hnt 
isostatic pressing with a formed steel encapsulator should 
eliminate this problem, J.D.H. 


N82-18326*]|l Wyoming Univ., Laramie. Composite Materials 
Research Group. 

MICROMECHANICAL PREDICTIONS OF CRACK PROPA- 
GATION AND FRACTURE ENERGY IN A SINGLE FIBER 
BORON/ALUMINUM MODEL COMPOSITE 

Donald F. Adams and Jayant M. Mahishl Feb. 1982 65 p 
refs 


tOram NSQ-341 /I ^ ^ 

(NASA-CR.168550; UWME-OR-201-10M) Av.ll; NTIS 

HC A04/MF AOl CSCL 1 1D 

The axisymmotfic finite element model and associated 
computer program developed for the analysis of crack propagation 
In a composite consisting of a single broken fiber In an annular 
Shaath *of matrix material wai extet^ed to Include a constant 
diipiacoment boundary condition during an Increment of crack 
propagation. The constant displacement condition permits the 
growth of a stable crack, as opposed to the catastropic failure 
in an earlier version. The finite element model was refined to 
respond morS accurately to tha high stresses and steep stress 
gradisnts near the broken fiber end. The accuracy and affectlvenass 
of tha conventional constant strain axisymmatric alamant for 
jcrack problems was established by solving the classical problem 
of • penny-shaped crack In a thick cylindrical rod under axial 
tension, The stress Intensity factors predicted by the present 
finite element model are compared with existing continuum 
results, S,L 


HB2-202A>Q*jl Boeing Military Airplane Development, Seattle. 
Wash, Advanced Airplane Branch, 

ENVIRONMENTAL EFFECTS ON DEFECT GROWTH IN 
COMPOSITE MATERIALS Final Report 
T, R. Porter Jan. 1981 418 p refs 
(Contract NAS3-20405) 

(NASA.CR-166213; NAS 1.26:165213} Avail: NTIS 

HC A18/MF AOl CSCL 1 1D 

Data for evaluating the effects of moisture and temperature 
on the Integrity of fiber composite components was gathered. 
In particular, the static and cyclic performance of three corrrposite 
laminates containing flaws was investigated at room temperature 
and at 422 K (300 F) in wet and dry conditions R J.F. 


N82-29363*)j{ Hughes Aircraft Co„ Torrance. Calif. Electron 
Dynamics Div. 

PYROLYTIC GRAPHITE COLLECTOR DEVELOPMENT 
PROGRAM Final Report 

William J. Wilkins 25 Feb. 1982 .23 p refs 
(Contract NAS3-22505} 

(NASA-CR-1 67909; NAS 1.26:167909: W-09170) Avail: 
NTIS HC A06/MF AOl CSCL 1 1D 

Pyrolytic graphite promises to have significant advantages 
as a material for multistage depressed collector electrodes. Among 
these advantages are lighter weight, improved mechanical stiffness 
under shock and vibration, reduced secondary electron back- 
streaming for higher efficiency, and reduced outgassing at higher 
operating temperatures. The essential properties of pyrolytic 
graphite and the necessary design criteria are discussed. This 
includes the study of suitable electrode geometries and methods 
of attachment to other metal and ceramic collector components 
consistent with typical electrical, thermal, and mechanical 
requirements. Author 


NB2-31448*# Douglas Aircraft Co.» Inc., Long Beach, Calif. 

KEVLAR/PMR-16 REDUCED DRAG 00*9 REVERSER STANG 
FAIRING 

R. T. Kawal Aug. 1902 140 p refs 
(Contract NAS3-21763) 

(NASA-CR-165448; NAS 1.26:165448) Avail: NTIS 

HCA07/MFA01 CSCL11D 

A reduced drag fairing for the afterbody enclosing the thrust 
reverser actuators on the DC-9 has been developed with Kevlar-49/ 
PMR-15 advanced composite material. The improved fairing 
reduces airplane drag 1% compared to the procluctkin baaelim 
Use of composites reduces weight 40% compar^ to an equivalent 
metal fairing. The Kevtar-49/PMR-15 advanced oompoBite is an 
organic matrix maierial system that can be used at tempemturea 
up to 500 F. Author 


A82-13403 * Fatigue of Ni^’AI-Mo aligned eutectics at elevat- 

ed temperatures. J. M. Tartaglia (Climax Molybdenum Company of 
Michigan, Ann Arbor, Ml) and N. S. Stolpff (Rensselaer Polytechnic 
Institute, Troy, NY), Metallurgical Transactions A - Physical Metah 
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futgy md Materisfs Scknce, vol, 12A^ Nov» 1981, p, 189M8984 18 
raft. Groms No. NAG3»22,‘ No, AF-AFOSR-80-0015. 

The eleyoted'temperoturo mfi^honicaf behavior of two aligned 
eulootics (Nl-8.1 wt % AI-2C,4 wt 96 Mo and Nh6,3wt% Ah31.2 wt 
% Mo) has been investigated utilizing monotonic and cyclic testing In 
vacuum* Tensile Yield suength «n(/ fatigue resistance Increased from 
26 to 726 C, but then weiVreduced at 826 C. The fatigue lives of 
specimens tested at 726 C decreased sharply with decreasing 
frequency* A shift from surface to Internal crack initiation .was 
obsirtved upon Increasing the test temperature from 726 to 825 C. 
Stage tl crack propagation was observed at both temperatures, in 
contrast to stage 1 cracking at 26 C* The test results are compared to 
those for other nickel and cobalt-base atigned eutectics to show that 
the frequency effect on fatigue life Is not limited to the NI-AI-Mo 
system* (Author) 


A82-31339 * Work of fracture In aluminum meta)«matrU 

composites. A* Skinner (Revere Research* lnc.| Edison, NJ), M. J. 
Koczok (Droxci University, Philadelphia, PA), and A. Lawloy, 
Matafknv^Ol Traniactions A * Physical Metaitur^y and Materials 
Science, vol* 13 A, Peb. 1982, p. 289-297. 13 refs. Grant No. 
NsG-3128, 

Mechanicat tests were conducted on B/At composites and, for 
comparison, PP-AI203/AI composites In the as-fabrlcaiod condition 
and following hlglviemporaturo Isothermal exposure or thermal 
c rling, in B/AI (1100), Isothermal exposure at 773 K for 126 hr 
reduced toughness, measured by the work of fracture, from 78 to 10 
kJ/$q m, and a stmtlur reduction was observed after equivalent 
thermal cycling. In B/Ai (0061), the some isothermal exposure 
reduced toughness from 44*6 to 8 kJ/sq m, but the effect of thermal 
cycling was less dotrimomol. in FP-AI203/AI* the work of fracture 
was insensitive to either type of trontmont. Experimental results arc 
interpreted In terms of matrix softening* Intorfaco properties, and 
fiber notch sunsUluity. V*L» 


A82-46220 * Tonillo proportlo* of SiC/alumlnum fllamontary com* 
poiltta • Tharnai dagradatlQn affacta. A. Sklnnor (Rovoro Rosoorch, Inc*, 
Edison, NJ), M. J. Koc^iok, and A. Lawloy (Drexol Unlvorslty, Philadolphia* PA). 
Powder Motailurgy International, voi. 14, Aug, 1982, p. 144^147. 10 rofs. Grant 
No. NsG-3128. 

Aluminium rnotnl matrix composltos with a low cost flbor, o.g. SIC> prov'^14' lor 
an attrnctiyo combination of high olostic modulus and longitudinal strengths cou- 
plod with a low donslty, SIC (volumo fraction 0.55)-alumlnum (6061) systems 
hayo boon studied In order to optlmlzo flbor composite strongth and processing 
parameters* A comparison of two SlC/aluminum composltos produced by AVCO 
and DWA Is provldod. Fiber properties are shown to alter composite tensile 
properties and fracture morphology. Tho room tompofaturo tensile strengths 
appear to bo insonsltiyo to thermal exposures at 500 C up to 160 h. The elastic 
modulus of tho composites also appears to bo stable up to 400 C, howevof 
variations In tho toss modulus aro apparent. The fracture morphology roljocts tho 
quality of tho Intorfocjal bond, fiber strengths and fiber processing. (Author) 


25 INORGANIC AND PHYSICAL 
CHEMISTRY 

Includes chemical analysis, e.g.. chromatography; combus- 
tion theory; electrochemistry; and photochemls^y. 

For related information see also 77 Thermoa^mmlcs 9nd 
Statistical Physics. 


N82-1 9333*1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

NASA REDOX CEU STACK SHUNT CURRENT. PUMPING 
POWER. AND CELL PERFORMANCE TRADEOFFS Final 
Report 

Norman Hagedom. Mark A. Hoberecht. and Lawrence H. Thaller 
Feb. 1982 33 p refs 
(Contract DE-AI01-80AL-12726) 

(NASA-TM-82686: DOE/NASA/12726-1 1: E-967) Avail: 
NTIS HC A03/MF AOl CSCL 10C 

The NASA Redox energy storage system is under active 
technology development. The hardware undergoing laboratory 
testing Is either 310 sq. cm. or 929 sq. cm. (0.33 sq. ft. or 
1.0 sq. ft. per cell active area with up to 40 individual cells 
connected to make up a modular cell stack. This size of hardware 
allows rather accurate projections to be made of the shunt 
power/pump power tradeoffs. The modeling studies that were 
completed on the system concept are reviewed along with the 
approach of mapping the performance of Redox cells over a 
wide range of flow rates and depths of discharge of the Redox, 
solutions. Methods are outlined for estimating the pumping and 
shunt current losses for any type of cell and stack combination. 
These methods are applicable to a variety of pumping options 
that are present with Redox systems. The results show that a 
fully developed Redox system has acceptable parasitic losses 
when using a fixed flow rate adequate to meet the worst conditions 
of current density and depth of discharge. These losses are reduced 
by about 65 percent if variable flow schedules are used. The 
exact value of the overall parasitics will depend on the specific 
system requirements of current density, voltage limits, charge, 
discharge time, etc. S.L. 


Sanabria Mar. 1982 19 p refs Presented at the 158th 

Maating of tha Electrochim. Soc.« Hollywood. Fla.. 6-10 Oct. 
I960 

(NASA-TM-82802; E-1141; NAS 1.16:82802) Avail: NTIS 
HC A02/MF AOl CSCL 07D 

Cross-linking methods ware investigated to determine their 
affect on the performance of polyvinyl alcohol (PVA) films as 
alkaline battery separators. Tha following types of cross-linked 
PVA films are discussed: (1) PVA-dialdehyde blends post-treated 
with an acid or acid periodate solution (two-step method) and 
(2) PVA-dialdehyde blends cross-linked during f:lm formation 
(drying) by using a reagent with both aldehyde and acid 
functionality (one-step method). Laboratory samples of each 
cross-linked type of film were prepared and evaluated in standard 
separator screening t>8ts. The pilot-plant batches of films were 
prepared and compared to measure differences due to the 
cross-linking method. The pilot-plant materials were then tested 
in nickel oxide • zinc cells to compare tha two methods with 
respect to performance characteristics and cycle life. Ceil test 
results are compared with those from tests with Cetgard. Author 


N82-31450*fif National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

PIEZOELECTRIC COMPOSITE MATERIALS Patent Applica- 
tion 

L. J. Kiraly, inventor (to NASA) Filed 12 Jul. 1982 9 p 
(NASA-Case-LEW-1 2582-1; US-Patent-Appl-SN-397281) Avail; 
NTIS HCA02/MFA01 CSCL11D 

A laminated structural device that has the ability to change 
shape, position and resonant frequency without using discrete 
motive components Is described. The laminate may be a combina- 
tion of layers of a piezoelectrically active, non-conductlve matrix 
material. A power source selectively places various levels of charge 
an electrically conductive filaments imbedded In the respective 
layers to produce vanous coringurciucns In a predetermined msnner. 
The layers may be electrically conductive, having Imbedded 
piezoeiectricaiiy active filaments. A combination of layers of 
electrically conductive material may be laminated to layers of 
piezoelectrically active material. NASA 


N82-21268* National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

METHOD OF MAKING FORMULATED PLASTIC SEPARA- 
TORS FOR SOLUBLE ELECTRODE CELLS Patent 
Dean W. Sheibley. Inventor (to NASA) Issued 5 Jan, 1982 
7 p Filed 3 Nov. 1977 Supersedes N78-25149 (16 - 16, 
p 2085) Continuation of US Patent Appl. SN-776146, US 
Patent-4, 133, 941. filed 10 Mar. 1977 
(NASA-Case-LEW-12358-2: US-Patent-4.309,372; 
US-Patent-Appl-SN-848428; US-Patent-4,1 33,941; 
US-Patent-Appl-SN-7761 46; US-Pat9nt-Class-2e4-453; 
US-Patoni-Class-264.53; US-Patent-Class-264-216: 
US-Patent-Class-427-1 1 5: US-Patent-Class-427-244; 
US-Patent-Class-427-246) Avail: US Patent and Trademark 

Office CSCL 07D “ 

A method making a membrane comprised of a hydrochloric 
acld-lnsolublo sheet of a mixture of a rubber and a powdered 
ion transport material is disclosed. The sheet can be present os 
a coating upon a flexible and porous substrate. These membranes 
can be used in oxidation-reduction electrical accumulator cells 
wherein the reduction of one member of a couple is accompained 
by the oxidation of the other member of the couple on the 
other side of the cell and this must be accompained by a change 
In chloride ion concentration In both sides. The method comprises 
preparing a mixture of fine rubber particles, a solvent for the 
rubber and a powdered ion transport material. The mixture is 
formed into a sheet and dried to produce a mlcroporous sheet. 
The ion transport material i/ictudes particles ranging from about 
0.01 to 10 microns in size and comprises from 20 to 50 volume 
percent of the rnicroporous sheet. 

Official Gazette of the U.S. Patent and Trademark Office 


N82-22327*! National Aeronautics and Space Administration^ 
Lewis Resoarch Center, Cleveland, Ohio. 

CROSS-LINKED POLYVINYL ALCOHOL FILMS AS AUCA- 
UNE BATTERY SEPARATORS 

Dean W, Sheibley, Michelle A. Manzo, and Olga D. Gonzalez- 


N62-31459*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

DESIGN FLEXIBILITY OF REDOX FLOW SYSTEMS 
Norman H. Hagedorn and Lawrence H. Thaller 1982 10 p refs 
Presented at the Intersoc. Energy Conversion Eng* Conf., Los 
Angeles, 8-13 Aug. 1982 
(Contract DE-AI04-80AL-12726) 

(NASA-TM-82854; E-1223; NAS 1.15:82054; 
DOE/NASA/12726-16) Avail: NTIS HC A02/MF A01 CSCL 
IOC 


The characteristics inherent In Redox flow systems permit 
ccnsiderablo latitude in designing systems for specific storage 
applications. The first of these characteristics Is the absence of 
platlng/deplatlng reactions with their attendant morphology 
changes at the electrodes. This permits a given Redox system to 
operate over a wide range of depths of discharge and charge/ 
discharge rates. The second characteristic is the separation of 
power generating components (stacks) from the energy storage 
components (tanks). This results in cost effective system design, 
ease of system growth via modularization, and freedom from sizing 
restraints so that the whole spectrum of applications, from utilities 
down to single residence can be considered. The final characteris- 
tic is the commonality of the reactant fluids which assures that all 
cells at all times are receiving reactants at the same state of 
charge. Since no cell can be out of balance with respect to any 
other cell, it Is possible for some cells to be charged while others 
are discharging, In effect creating a DC to DC transformer. It is 
also possible for various groups of cells to be connected to 
separate loads, thus supplying a range of output voltages. Also, 
trim cells can be used to maintain constant bus voltage as the 
load Is changed or as the depth of discharge increases. The 
commonality of reactant fluids also permits any corrective measures 
such as rebalancing to occur at the system level instead of at the 
single cell level. S.L 

ORIGINAL PAGE IS 
OF POOR QUALITY 


54 



N82«33463*# Natlcnd) Aeronautics and Space Administration* 
Lewis Research Center, Cleveland, Ohio. 

CHEMICAL AND ELECTROCHEMICAL BEHAVIOR OF THE 
Cr(3)/Cr(2) HALF CELL IN THE NASA REDOX ENERGY STOR- 
AGE SYSTEM 

David A. Johnson (Spring Arbor Coil.) and Margaret A. Retd 1982 
21 p refs Presented at The 162nd Meeting of the Electrochem, 
Soc., Detroit, 17-22 Oct. 1982 
(Contract DE-AI04-80AL-12726) 

(NASA-TM-82913; E-1318; DOE/NASA/ 12726-1 7; NAS 
1.16:82913) Avail: NTIS HC A02/MF A01 CSCL IOC 

The Cr(lll) complexes In the NASA Redox Energy Storage 
System were Isolated and Identified as Cr(H20)6(+3) and 
Cr(H20)5CI(+2) by Ion exchange chromatography and visible 
spectrophotometry. The cell reactions during charge-discharge 
cycles were followed by means of visible spectrophotometry. The 
spectral bands were resolved Into component peaks and concentra- 
tions calculated using Beer’s Law. During the charge mode 
Cr(H20)5C!(+2) is reduced to Cr(H20)5CI(+) and during the 
discharge mode Cr(H20)5CI(+) is oxidized back to Cr(H20)5CI 
( + 2). Both electrode reactions occur via a chloride-bridge 
inner-sphere reaction pathway. Hysteresis effects can be explained 
by the slow attainment of equilibrium between Cr(H20)6(4-3) and 
Cr(H20)5CI(+2). Author 


A82-43194 * The premixed flame in uniform straining flow. P. A, Dur- 
bin (NASA, Lewis Research Center, Cleveland, OH). Journal of Fluid Mechanics, 
voL 121, Aug, 1982, p. 141-161, 19 refs. 

Characteristics of the premixed flame in uniform straining flow are Investigated 
by the technique of activation-energy asymptotics. An inverse method Is used, 
which avoids some of the restrictions of previous analyses. It Is shown that this 
method recovers known results for adiabatic flames. New results for flames with 
heat loss are obtained, and it Is shown that, in the presence of finite heat loss, 
straining can extinguish flames. A stability analysis shows that straining can 
suppress the cellular Instability of flames with Lewis number less than unity. 
Strain can produce instability of flames with Lewis number greater than unity. A 
comparison shows quite good agreement between theoretical deductions and 
experimental observations of Ishizuka, Miyasaka & Law (1981), (Author) 


N82-22326*# Westinghouse Electric Corp., Concordvilie, Pa. 
Combustion Turbine Systems Div, 

LOW NO SUB X HEAVY FUEL COMBUSTOR CONCEPT 
PROGRAM. PHASE 1A: COMBUSTION TECHNOLOGY 

GENERATION COAL GAS FUELS Final Report 

r. P, Sherlock Feb. 1982 57 p refs 
(Contracts DEN3-146: DE-Ai01-77ET-131 1 1) 
(NASA-CR-165614; DOE/NASA/0146-2: NAS 1.26:165614) 
Avail: NTiS HC A04/MF A01 CSCL 20B 

Combustion tests of two scaled burners using actual coal 
gas from a 25 ton/day fluidized bed coal gasifier are described, 
The two combustor configurations studied were a ceramic lined, 
staged rich/iean burner and an integral, ail metal multiannual 
swirl burner (MASB). The tests were conducted over a range of 
temperature and pressures representative of current industrial 
combustion turbine inlet conditions. Tests on the rich lean burner 
were conducted at three levels of product gas heating vr‘ues: 
104, 197 and 254 btu/scf. Corresponding levels of NOx emissions 
were 5. 20 and 70 ppmv. Nitrogen was added to the fuel in 
the form of ammonia, and conversion efficiencies of fuel nitrogen 
to NOx were on the order of 4 percent to 12 percent, which is 
somewhat lower than the 14 percent to 18 percent conversion 
efficiency when src-2 liquid fuel was used. The MASB was tested 
only on medium btu gas (J120 to 270 btu/scf), and produced 
approximately 80 ppmv NOx at rated engine conditions. Both 
burners operated similarly on actual coal gas and erbs fuel, and 
all heating values tested can be successfully burned In current 
machines. S.L. 


HB2-2B337*§ General Electric Co.. Syracuse, N.Y. Gas Turbine 
Div, 

LOW NO SUB X HEAVY FUEL COMBUSTOR CONCEPT 
PROGRAM PHASE 1A GAS TESTS 

M. B. Cutrone, Kenneth W, Beebe, and Martin B. Cutrone Apr. 
1982 135 p refs 
(Contract DEN3-147) 

(NASA-CR-1 67877: DOE/ NASA/01 47-2: NAS 1.26:167877) 


Avail: NTIS HC A07/MF A01 CSCL 21B 

The emissions performance of a rich loan combustor 
(developed for liquid fuels) for combustion of simulated coal 
gases ranging In heating value from 167 to 244 Btu/scf were 
assessed. The 244 Btu/scf gas is typical of the product gas 
from an oxygen blown gasifier, while the 167 Btu/scf gas is 
simjlof to that from an air blown gasifier. Although meeting 
NOx goals for the 167 Btu/scf gas, NOx performance of the 
rich lean combustor did not meet program goals with the 
244 Btu/scf gas because of high thermal NOx, similar to levels 
expected from conventional lean burning combustors. The NOx 
emissions are attributed to inadequate fuel air mixing in the 
rich stage resulting from the design of the large central fuel 
nozzle delivering 71% of the total gas flow. NOx generation 
from NH3 was significant at ammonia concentrations significantly 
less tha 0.5%, These levels opcur depending on fuel gac cleanup 
system design. However, NOx yield from ammonia Injected Into 
the fuel gas decreased rapidly with Increasing ammonia level, 
and is projected to be less than 10% at NH3 levels of 0.5% or 
higher. S.L. 


N82-25338*||i Detroit Diesel Allison, Indianapolis. Ind 

LOW NOx HEAVY FUEL COMBUSTOR CONCEPT PRO- 
GRAM ADDENDUM: LOW/MID HEATIN.G VALUE 

GASEOUS FUEL EVALUATION Final Report, Apr. 1961 * 
Feb. 1982 

A. S. Novick and D. L. Troth Apr. 1982 77 p refs 
(Contract DEN3-148) 

(NASA-CR-1 6561 5; DOE/NASA/0148-2; NAS 1.26:165615; 
EPR^‘10950) Avail: NTIS HC A05/MF A01 CSCL 21 B 

The combustion performance of a rtch/quench/iean (ROL) 
combustor was evaluated when operated on low and mid heating 
value gaseous fuels. Two synthesized fuels were prepared having 
lower heating values of 10.2 MS/cu m. (274 Btu/scf) and 
6.6 MJ/cu m (176 Btu/scf), These'fuels were configured to be 
representative of actual fuels, being composed primarily of 
nitrogen, hydrogen, carbon monoxide, and carbon dioxide. A liquid 
fuel air assist fuel nozzle was modified to Inject both of the 
gaseous fuels, The RQL combustor Mner was not changed from 
the configuration used when the liquid fuels were tested. Both 
gaseous fuels were tested over a range of power levels from 
50 percent load to maximum rated power of the DDN Model 
570-K industriaj gas turbine engine. Exhaust emissions were 
recorded for four power level at several rich zone equivalence 
ratios to determine NOx sensitivity to the rich zone operating 
point. For the mid Btu heating value gas. ammonia was added 
to the fuel to simulate a fuef bound nitrogen type gaseous fuel. 
Results at the testing showed that for the low heating value 
fuel NOx emissions were all below 20 ppmc and smoke was 
below a 10 smoke number. For the mid heating value fuel. 
NOx emissions were In the 50 to 70 ppmc range wUh the 
smoke below a 10 smoke number. S.L 


A82-15732 * Moderate temperature Na cells. IM - Electro- 

chemical and structural studies of Cr0.5V0.5S2 and its Na inter- 
calates. K. M. Abraham and U. Pitts (EIC Laboratories, Inc,, Newton, 
MA). Electrochemical Society, Journal, vo\, 128, Dec. 1981, p. 
2574-2577. 20 refs. Contract No. NAS3-21 726. 

Experimental results are reported on the behavior of a recharge- 
able Na cell incorporating a Cr0.5V0.5S2 cathode. The cell operates 
at 130 C and uses as electrolyte a 1M solution of Nal in 
1,2-bis(2-methoxy-ethoxy)ethane (trlglyme). The mechanism of dis- 
charge of Crd.5V0.ES2 involves Na Intercalation. It is found that the 
maximum rechargeable capacity of the Cr0.5V0.5S2 cathode Is 0.7 
e(overbar)/mol. With an average cell voltage of 1.9 V, the theoretical 
specific energy of the cathode Is 273 W-hr/kg. V.L. 


A82-15743 ^ Moderate temperature Na cells. IV • VS2 and 

NbS2CI2 as rechargeable cathodes in molten NaAICI4. K. M. 
Abraham, M. W. Ruplch, and L. Pitts (EIC Laboratories, Inc., 
Newton, MA). Electrochemical Society, Journal, vol. 128, Dec. 
1981, p. 2700-2702. 10 refs. Contract No. NAS3-21726. 
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A82*17746 * H Secondary effects In combustion instibitities 
feeding to fleshbeck. L Vaneveld, Horn, and A. K. Oppenheim 
(Calilfornia, University, Berkeley, CA)* American institute of Aero- 
nautics and Astronautics, Aerosf^ace Sciences Meeting, 20th, Orian- 
do, FL, Jan. 1 h 14, 1082, Paper 82-0037. 1 6 p. Grant No. NsG.3227 ; 
Contract No. W*7405*eng*48. 

The secondary effects In turbulent combustion Instabilities 
leading to flashback are Investigated, Including those due to 
buoyancy and contraction at the combustor outlet. Experiments 
were conducted In an oblong, rectangular cross*sectlon combustion 
tunnel, where the effects of a bluff*body flames holder were 
generated by a rear*facing step behind a streamlined Inlet nozzle. The 
results of experiments leading to flashback with the step mounted at 
the bottom of the combustion chamber were compared to those of 
experiments in which It was located at the top. Irrespective of the 
flow obstructions Introduced downstream, the critical equivalence 
ratio for flashback was consistently lower with the step at the 
bottom, indicating that buoyancy was ei'hancing the growth of the 
recirculation zone that pushed the flame upstream and caused 
flashback. The contraction at the end of the combustion chamber 
had a promoting Influence on the process of vortex pairing, 
re-enforcing the influence of the trailing vortices over that of the 
recirculation vortex system, and thereby curbing the tendency to 
flashback. Provided that the flow velocity was low, however, the 
characteristic features of combustion Instabilities leading to flash- 
back In the absence of contraction could still be established in Its 
presence. J.F, 


A82- 20739 * fj High temperature durable catalyst deveiop- 
mant, G. C, Snow and H. Tong (Acurex Corp., Mountain View, CA). 
Workshop on Catalytic Combustion, 5th, San Antonio, TK, Sept. 15, 
16, 1981, Paper. 38 p. 14 refs. Research supported by the Acurex 
Corp.; U.S. Environmental Protection Agency Contract No. 
68-02-3122; Contract No. DEN3-83. 

A program has been carried out to develop a catalytic reactor 
capable of operation In environments representative of those 
anticipated for advanced automotive gas turbine engines. A reactor 
consisting of a graded cell honeycomb support with a combination pf 
noble metal and metal oxide catalyst coatings was built and 
succeesfully operated for 1000 hr. At an air preheat temperature of 
740 K and a propane/air ratio of 0.028 by mass, the adiabatic flame 
temperature was held at about 1700 K, The graded cell monolithic 
reaction measured 5 cm In diameter by 10.2 cm In length and was 
operated at a reference velocity of 14.0 m/s at 1 atm. Measured NOx 
levels remained below S ppm, while unburned hydrocarbon concen- 
trations registered near zero and carbon monoxide levels were 
nominally below 20 ppm. V.L. 


A82-21431 * Analysis of infrared emission from thin ad- 

sorbates. J. L. Lauor and L. E. Keller (Rensselaer Polytechnic 
Institute, Troy, NY). In: International Conference on Fourier 
Transform Infrared Spectroscopy, Columbia, SC, June 8-12, 1981, 
Proceedings. (A82-21426 08-35) Bellingham, WA, Society of Photo- 
Optical Instrumentation Engineers, 1981, p. 87-93. Grants No. 
NsG-3170; No. AF-AFOSR-78-3473; No. DAAG 29-79- C-0204; Con- 
tract No. N00173-80-M-4575. 

Fuel and lubricant deposits on solid surfaces, though often of 
similar visual appearance, differ in composition, depending on the 
nature of the deposit formers and the circumstances of deposition. 
To help establish these relations an Infrared Emission Fourier 
Polarization Microspectrophotometer was constructed to record 
infrared spectra from the deposits on their original support. By 
focussing on small aggregates with a reflecting microscope objective 
and by discriminating against the randomly polarized blackbody 
radiation with a rotating polarizing filter phase-locked to an 
amplifier, excellent Fourier emission spectra of polarized bands 
could be obtained. In many Instances, the microscope objective was 
adequate without the polarizer. The analysis was calibrated against a 
very thin film of polyethylene terephthalate attached to a highly 
reflective aluminum mirror on the samp’e positioner. (Author) 


A82-22033 • fj Time resolved density measurements In 
premixed turbulent flames. K. V. Dandekar and F. C. Gouldln 
(Cornell University, Ithaca, American institute of Aeronautics 
and Astronautics, Aerospace Sciences Meeting, 20th, Oriando, FL, 
Jan. 11-14, 1982, Paper 82-0036. 6 p. Research supported by the 
General Motors Corp. and U.S. Navy; Grant No. NsG-3019, 

Premixed, turbulent flames are Important in connection with 
Investigations of fundamental, tui4>ulent-reacting-flow processes and 
the study of practical combustion devices, such as spark Ignition 
engines and premixed, prevaporized gas turbine combustors which 
burn premixed reactants. The considered Investigation Is concerned 
with the application of laser induced Rayleigh scattering to measure 
the gas density in premixed, methane-air flames. A description Is 
provided of the rusults of density and velocity measurements In an 
open, lean, premixed methane-air flame stabilized In grid turbulence 
of low Reynolds number. It 1$ found that where applicable, Rayleigh 
scattering can be used to good advantage to measure molecular 
number density. Mean and rms density result# ^^tow that the mean 
flame thickens with axial distance but that the maximum In rms does 
not change appreciably. G.R. 


A82-28651 * Symposium /International/ on Combustion, 

18th, University of Waterloo, Waterloo, Ontario, Canada, August 
17-22, 1980, Proceedings. Symposium supported by Acurex Corp., 
U.S. Air Force, NASA, NBS, NSF, U.S. Navy, U.S. Army, U.S. 
Department of Energy, et al; NSF Grant No. CPE-79-23680; 
Contracts No. NAS3-22171; No. N00014-80-G-0079; No. DE-FG20- 
80PC-30197; Grants No. NBS-HA-1008; No. DAAKI 1-79-M-OOlO. 
Pittsburgh, PA, Combustion Institute, 1981. 1998 p. $76.50. (For 
Individuat items see A82-28652 to A82-28738) 

Problems related to combustion generated pollution are ex- 
plored, taking Into account the mechanism of NO formation from 
nitrogen compounds in hydrogen flames studied by laser fluo- 
rescence, the structure and similarity of nitric oxide production In 
turbulent diffusion flames, the effect of steam addition on NO 
formation, and the formation of N02 by laminar flames. Other 
topics considered are concerned with propellant combustion, fluid- 
ized bed combustion, the combustion of droplets and sprays, 
premixed flame studies, fire studies, and flame stabilization. Atten- 
tion is also given to coat fiammabiiity, chemical kinetics, turbulent 
combustion, soot, coal combustion, the modeling of combustion 
processes, combustion diagnostics, detonations and explosions, igni- 
tion, internal combustion engines, combustion studies, and furnaces. 

G.R. 


A82-28694 * Flame structure in a swirl stabilized combustor 

inferred by radiant emission measurements. C. L, Beyler and F. C. 
Gouldin (Cornell University, Ithaca, NY), In: Symposium /Interna- 
tional/ on Combustion, 18th, Waterloo, Ontario, Canada, August 
17-22, 1980, Proceedings. (A82-28651 13-25) Pituburgh, PA, Com- 
bustion Institute, 1981, p. 1011-1019. 25 refs, Grant No. NsG-3019. 

Results of measurements of time-averaged chemiluminescent 
emissions from CH, OH, and C02 and of Na tracer emissions along 
lateral llnes-of-sjght through a cylindrical premlxed, swirl-stabilized 
combustor are reported. Assuming axial symmetry and small optical 
depth, raw data are inverted to obtain local emission levels from 
these species as a function of radius. The chemiluminescent emissions 
are interpreted as signatures of chemical reaction and used in 
determining the regions of reactions and heat release in the 
combustor. The data are compared with composition and velocity 
data obtained in the combustor for identical operating conditions. 
The results demonstrate that reaction occurs in a relatively narrow, 
turbulent flame-like combustion zone which begins upstream of the 
time-averaged location of the swirl-induced recirculation zone and 
propagates around and laterally away from the recirculation zone 
into the unburned gas. C.R. 


A82-28708 * Numericai modeling of turbulent combustion 

in premixed gases. A. F. Ghoniem, A. J. Chorin, and A. K. 
Oppenheim (California, University, Berkeley, CA). In: Symposium 
/international/ on Combustion, 18th, Waterloo, Ontario, Canada, 
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August 17*22, 1980, Proceedings. (A82-2B651 13*25) 'Pittsburgh, 
PA, Combustion Institute, 1981, p. 1375-1381; Comments, p. 
1381*1383. 19 refs. Contract No. W-7405*en9*48; tyrant No. 
NsG*3227. 

(Previously announced In STAR as N8M5029) 


A82-28709* Experimental and theoretical studies of the 

laws governing condensate deposition from combustion gases. D. E. 
Rosner and K. Seshadri (Yale University, New Haven, CT). In: 
Symposium /International/ on Combustion, 18th, Waterloo, Ontario, 
Canada, August 17-22, 1M0, Proceedings. (A82-28651 13*25) Pitts- 
burgh, PA, Combuitlon Institute, 1981, p, 1385-1 393; Comments, p, 
1394, 49 refs. Grants No. NsG-3107; No. NsG-31 69; Contract No. 
F49620-76-C-0020. 

A description Is presented of the results of a research program 
directed at an Improved understanding of condensate deposition rate 
phenomena tn combustion systems. The conducted experiments 
make use of real-time optical laser rcftcctancc-lnterferencc- 
polarlzatlon techniques In flame environments. The obtained new 
data and the results of previous gravimetric experiments are 
employed as a basts for the development of a comprehensive 
convective diffusion deposition theory, taking Into account the 
assumption of a multicomponent vapor or multisize class particles 
'source-free' boundary layer. The theory makes it possible to provide 
self-consistent salt/ash/soot deposition rate predictions over a wide 
variety of environmental conditions. G.R. 


A82-28736 * Lean-limit extinction of propane/air mixtures 

in the stagnation-point flow. C. K. Law, S. Ishlzuka, and IVI. 
Mizomoto (Northwestern University, Evanston, IL). In: Symposium 
/International/ on Combustion, 18th, Waterloo, Ontario, Canada, 
August 17-22, 1980, Proceedings. (A82-28651 13-25) Pittsburgh, 
PA, Combustion Institute, 1981, p.1791-1797; Comments, p, 1797, 
1798. 25 refs. Grant No. NAG3-53. 

The extinction limits of lean propane/alr mixtures In the 
stagnation-point flow of a flat surface were mapped as functions of 
the surface temperature and the mixture concentration, velocity, and 
temperature. The maximum flame temperatures and the flame 
lGG3t|ons were also measured. The results show that the extinction 
limits are extremely insensitive to the nature of the surface, which 
can be heated to 1000 C, On the other hand preheating the gas 
mixture increases the flame temperature by an almost equal amount 
and therefore significantly extends the extinction limits. It is also 
found that at extinction the maximum flame temperatures and the 
flame locations, which when scaled with the velocity gradient, 
assume almost constant values independent of the other system 
variables investigated. (Author) 


-A82-32877 * Effects of heat loss, preferential diffusion, and 

flame stretch on flame-front instability and extinction of propane/air 
mixtures. S. Ishlzuka, K. Miyasaka, and C. K, t. ,w (Northwestern 
University, Evanston, IL). Combustion and Flame, vol, 45, Mar. 
1982, p, 293-308. 13 refs. Grant No. NAG3-53; Contract No. 
N00014-80.C-0586. 

Flame configurations, flame-front cellular instability, and ex- 
tinction of propane/alr mixtures In the stagnation-point flow are 
experimentally studied for their dopendence on downstream heat 
loss, preferential diffusion, and flame stretch. Boundaries for lean- 
and rich-limit extinction, stabilization of corrugated flames, and local 
extinction caused by sharp curvatures are mapped for varying 
propane concentrations and freestream velocities. Flame location and 
temperature at extinction are determined as functions of stagnation 
surface temperature, extent of preheating, propane concentration, 
and freestream velocity. Results substantiate the theoretical predic- 
tions of the different extinction modes for lean and rich flames in 
the absence of downstream heat loss, and yield useful Insight on the 
extinction characteristics when finite downstream heat loss does 
exist. It is further shown that flame-front Instability occurs only for 
rich mixtures in accordance with preferential diffusion cohsidera- 
tions, and that flame stretch has a stabilizing effect such that 
flame-front instability Is completely inhibited before the onset of 
extinction. (Author) 


A82-37S70 ^ On the opening of premixed Bunien flame tips. C. K. 

Law, S. Ishlzuka, and P. Cho (Northwoslern University, Evanston. )L). Combus- 
tion SdencG and Technology, vol. 28, no. 3-4, 1982, p. 89-96. 13 refs. Research 
sponsored by the Ministry of Education of Japan; Contract No. N001 4-80-C-0586; 
Grant No. NAG3-53. 

The local extinction cf Qunson flame tip and edges of hydrocarbon/aIr premix- 
tures has been expc^rimenvolly Investigated using a variety of burners. Results 
show that, while for both rich propane/air and butano/air mixtures tip opening 
occurs at a constant Cuel equIvaK^nce ratio of 1.44 and Is therefore Independent 
of the Intensity, uniformity, and configuration of the approach flow, for rich me- 
thane/air flames burning Is Intensified at the tip and therefore opening is not 
possible. These resuits substantiate the concept and dominance of the dlffusionai 
stratification mechanism In causing extinction, and clarify the theoretical pre- 
dictions on the possible opening of two-dimonsional flame wedges. (Author) 


A02-37S71 * Formation of oxides of nitrogen in monoditperse spray 
combustion of hydrocarbon fuels. A. A. Nizami, S, Singh, and N, P. Cernansky 
(Drexel University, Philadelphia, PA). Combustion Science and Technology, vol. 
28, no. 3-4, 1602, p. 97-106. 21 refs. Research supported by the Philadelphia 
Electric Co. and General Motors Corp; NSF Grant No. ENG*76-t0232; Grant No. 
NAG3-1. 

Experimental results of exit plane NO/NO(x) emissions from atmospheric 
monodlsperse fuel spray combustion are presented. Six different hydrocarbon 
fuels were studied: Isopropanol, n-propanoi, n-octane, iso-octane, n-heptane and 
methanol. The results Indicate an optimum droplet size for minimizing NO/NO(x) 
production for all of the test fuels. At the optimum droplet diameter, reductions 
In NO/NO(x) rotative to the NO(x) occurred at droplet diameters of 55 and 46 
microns respectively, as compared to a 50-micron droplet size for isopropanol. 
The occurrence of the minimum NO(x) point at different droplet diameters for the 
different fuels appears to be governed by the extent of prevaporization of the fuel 
In the spray, and Is consistent with theoretical calculations based on each fuel's 
physical properties, Estimates are also alven for the behavior of hoe w fuels end 
of polydisperse fuel sprays In shifting the minimum NO(x) point compared to a 
monodisperse situation. (Author) 


A82-37574 * On stability of premixed flames in stagnation • Point 
flow. G. I. Slyashinsky (California, University, Berkeley, CA; Tel Aviv University, 
Te) Aviv, Israel), C. K. Law {California, University, Berkeley, CA; Northwestern 
University, Evanston, IL), and G, Joulln (Poitiers, Ecole Nationale Sup6rleure de 
M6canlqu0 et d'A6rotechnique, Poitiers, France). Combustion Science and Tech- 
nology, vol. 28, no. 3-4, 1982, p. 155-159. 8 refs. Research supported by the 
Israel Commission for Basic Research and U.S.-lsrael Binatlonal Science Foun- 
dation; Grant No, NAG3-53; Contract No. N000^4-80-C-0586. 

A quantitative description of flame stabilization ip stagnation-point flow Is 
proposed. Asymptotic and stability analyses are made for a flame model where 
the density of the gas is assumed to be constant and the reaction zone is as- 
sumed to be narrow and concentrated over the flame front. It is shown that, If 
blowing is sufficiently strong, the corrugations disappear and a plane flame re- 
sults. The phenomena cannot be fully described by means of classical linear 
stability analysis. C.D. 
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26 METALLIC MATERIALS 

Includes physical, chemical, and mechanical properties 
oi metals, e.g., corrosion; and metallurgy. 


NS2-10195^ji( National Aeronautics and Space Administration, 

Lewis Research Center. Cleveland. Ohio 

CREEP SHEAR BEHAVIOR 01^ THE OXIDE DISPERSION 

STRENGTHENED SUPERALLOV‘ MA 6000E 

Thomas K. Glasgow 1981 Iti p refs Presented at 110th 

Ann. Meeting of the Am. Inst, of Mining. Met. and Petroleum 

Engr., Chicago. 22-26 Feb. 1981 

(NASA-TM-82704; E-985) Avail.* NTIS HC A02/MF A01 CSCL 
11F 

The shear rupture life of the oxide dispersing strengthened 
(ODS) superalloy MA 6000E was determined at 650 and 760 C 
was 260 MPa, Comprlsons wore made at 760 C with the 
conventional cast superalloy B-1900-FHf, the ODS alloy MA 
754. and the directionally solidified eutectic alloy gamma/gamma 
primo’delta was 170 MPa, and for B'1900-FHf was 360 MPa, 
The ODS alloy MA 6000E and gamma/gamma prime-delta failed 
with very little indication of ductile accommodation. Both MA 
754 and B-ISOO-l-Hf showed some ductile tearing. Fracture 
surfaces of the ODS alloy MA 754 showed discontinuities similar 
size, shape, and roughness to its grain structure, but the fracture 
surfaces of MA 6000E were much smoother than its grain 
boundaries. Author 


N82-11182*j{/ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

TRENDS IN HIGH TEMPERATURE GAS TURBINE MATERI- 
ALS 

S, J. Grisaffe and R. L. Dreshfletd 1981 18 p refs Presented 

at the 1981 Aerospace Conf., Anaheim, Catif,, 5-8 Oct. 
(NASA-TM-82715; E-9991 Avail; NTIS HC A02/MF A01 C5CL 
11F 

High performance - high technology materials are among 
the technologies that are required to allow the fruition of such 
Improvements. Materials trends in hot sectiori components are 
reviewed, and materials for future use are identified. For 
combustors, airfoils, and disks, a common trend of using multiple 
material construction to permit advances in technology Is 
identified. S.L. 


N82-11183*/{f National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

UNIVERSAL BINDING ENERGY RELATIONS IN METALLIC 
ADHESION 

J, Ferrante, J. R. Smith (Genera, Motors Research Lab,), and J. 
H. Rose (Ames Lab,) 1981 16 p refs Presented at the 

Conf, on Aspects Microscopiques de {'Adhesion et de le 
Lubrication, Paris. 14-18 Sep. 1981 

(NASA-TM-82706: E-993) Avail: NTIS HC A02/MF A01 CSCL 
IIP 

Scaling relations which map metallic adhesive binding energy 
onto a single universal binding energy curve are discussed in 
relation to adhesion, friction, and wear irr metals. The scaling 
involved normalizing the energy to the maximum binding energy 
and normalizing distances by a suitable comlnation of Thomas- 
Fermi screening lengths. The universal curve was found to be 
accurately represented by E*(A*)» -(V-fbeta A) exp {-Beta A*) 
where E* is the normalized binding energy, A* is the normalized 
separation, and beta is the normalized decay constant. The 
calculated cohesive energies of potassium, barium, copper^ 
molybdenum, and samarium were also found to scale by similar 
relations, suggesting that the universal relation may be more 
general than for the simple free electron metals, R.J.F. 


N82-11184*}{f National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

FAILURE AF>ALYS1S OF A TOOL STEEL TORQUE SHAFT 
John R. Reagan 1981 12 p Presented at the Conf. on 

Deformatjcn, Fracture, Wear and Nondestructive Evaluation of 
Mater., New Orleans, 23-24 Nov, 1981 ; sponsored by Am, Phys, 
Soc. and Nat, Bureau of Standards 

(NASA-TM-82758;^E-.1P77: DOE/NASA/1011-35) Avail; 


NTIS HC A02/MF A01 CSCL 11 F 

A low design load drive shaft used to deliver power from 
an experimental exhaust heat recovery system to the crankshaft 
of an experimental diesel truck engine failed during highway 
testing. An independent testing laboratory analyzed the fellure 
by routine metallography and attributed the failure to fatigue 
induced by a banded microstructure. Visual examination by 
NASA of the failed shaft plus the knowledge of the torsional 
load that it carried pointed to a 100 percent ductile failure with 
no evidence of fatigue. Scanning electron microscopy confirmed 
this. Torsional test specimens were produced from pieces of the 
felled shaft and torsional overload testing produced identical 
failures to that which had occurred in the truck engine. This 
pointed to a failure caused by a high overload and although the 
microstructure was defective it was not the cause of the failure, 

A.R.H. 


N82-12216*||( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

PROGRESS IN PROTECTIVE COATINGS FOR AIRCRAFT 
OA8 TURBINES: A REVIEW OF NASA SPONSORED 

RESEARCH 

John P, Merutka 1981 29 p refs Presented at the 5th Ann. 
Conf, on Composite and Adv, Meter., Merritt Island, Fla., 
19-22 Jan, 1981; sponsored by the Am. Ceramic Soc., Inc, 
(NASA-TM-82740: E-711) Avail; NTIS HC A03/MF AOl CSCL 
11F 

Problems associated with protective coatings for advanced 
aircraft gas turbines are reviewed. Metallic coatings for preventing 
titanium fires in compressors are identified. Coatings for turbine 
section are also considered, Ductile aluminide coatings for 
protecting internal turbine-blade cooling passage surface are also 
identified. Composite modified external overlay MCrAlY coatings 
deposited by low-pressure plasma spraying are found >0 be better 
in surface protection capability than vapor deposited MCrAlY 
coatings. Thermal barrier coating (TBC), studies are presented. 
The design of a turbine airfoil is integrated with a TBC, and 
computer-aided manufacturing technology is applied. S.L. 


N62-13281'^/i( National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland. Ohio. 

ELEVATED TEMPERATURE FATIGUE TESTING OF MET- 
ALS 

Marvin H. Hirschberg In AGARD Fatigue Test Methodology 
Oct, 1981 18 p refs (For primary document see N82- 13274 

04-311 

Avail: NTIS HC A12/MF AOl 


N82-17335*jj( National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

REVIEW OF NASA PROGRESS IN THERMAL BARRIER 
COATINGS FOR STATIONARY GAS TURBINES 

Philip E. Hodge, Robert A, Miller, Michael A. Gedwili, and Isidor 
Zaplatynsky 1981 16 p refs Presented at the Intern. Gas 

Turbine Conf,, Houston, Tex,, 9-12 Mar. 1981 
(Contract EF-77-A-01-2593) 

(NASA-TM-81716; DOE/ NASA/2593-25; E-749) Avail: NTIS 
HC A02/MF AOl CSCL 1 IF 

Ceramic thermal barrier coatings for industrial/utility gas 
turbipes were investigated. In burner rig tests of a zirconia 
yttria/nicke! chromium aluminum yttrium 2rO2-|2w/0Y2O3/ 
NlCrAlY coating system on air cooled superalloy specimens, 
ceramic coating life (spallation) was sensitive to Na and V 
concentration In the fuel. The locations of coating spallation 
correspond to are?s whore combustion products were predicted 
to condense. Three new thermal barrier coating systems were 
identified. These are based on calcium silicate, ZrC2-8w/0Y203, 
and a MgO-NiCrAlY cermet. The spall resistance can be increased 
by reducing the ceramic layer thickness from 0.038 to 
0.013 cm and by the use of more oxidation/corrosion resistant 
bond coats, S.L 


N82-20291'*‘j{i . National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

FRICTION AND WEAR OF IRON IN CORROSIVE METAL 

George W. P, Rengstorff, Xazuhisa Miyoshl. and Donald H. Buckley 
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Mar 1982 18 p refs 

{NASA-TP-1985; NAS 1.60:1985; E-638) Avail: NTIS 
HC A02/MF A01 CSCL11F 

Friction and wear experiments were conducted with elemental 
iron exposed to various corrosive media including two acids, 
base, and a salt. Studies involved various concentrations of nitric 
and sulfuric acids, sodium hydroxide, and sodium chloride, Load 
and reciprocating sliding speed were kept constant. With the 
base NaOH an increase in normality beyond 0.01 N resulted in 
a decrease in both friction and wear X-ray photoelectron 
spectroscopy (XpSl* analysis of the surface showed a decreasing 
concentration of ferric oxide (Fe203) on the iron surface with 
increasing NaOH concentration. With nitric acid (HN03) friction 
decreased in solutions to 0.05 N. beyond which no further change 
in friction was observed. The concentration of Fe203 on the 
surface continued to increase with increasing normality. XPS 
analysis revealed the presence of sulfates in addition of Pe203 
on surfaces exposed to sulfuric acid and iron chlorides but no 
sodium on surfaces exposed to NaCI. Author 


N82>21298*# National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland, Ohio. 

EFFECT OF ALUMINUM PHOSPHATE ADDITIONS ON 
COMPOSITION OF THREE-COMPONENT PLASMA- 
SPRAYED SOLID LUBRICANT 

Thomas P. Jacobson and Stanley G Young Mar. 1982 19 p 
refs 

4NASA-TP-1990; E-713: NAS 1.60:1990) Avail: NTIS 
HC A02/MF A01 CSCL 11F 

Image analysis (lA) and electron microprobe X-ray analysis 
(EMXA) were used to characterize a plasma-sprayed, self- 
lubricating coating. NASA LUBE PS 106, specified by weight 
percent as 35NiCr-35Ag-30CaF2. To minimize segregation of 
the powder mixture during the plasma-spraying procedure, 
monoaluminum phosphate was added to form agglomerate 
particles. Three concentrations of AIP04 were added to the 
mixtures: 1.25, 2.5. and 6.25 percent by weight. Analysis showed 
that 1.25 wt% AIP04 yielded a CaP2 deficiency, 2.5 wt% kept 
the coating closest to specification, and 6.25 wt% yielded excess 
CaP2 as well as more impurities and voids and a deficiency in 
sliver. Photomicrographs and X-ray maps are presented. The 
methods of lA and EMXA complement each other, and the 
reasonable agreement in the results increases the confidence in 
determining the coating composition. Author 


N82-21300*)|l National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FRICTION WEAR AND AUGER ANALYSIS OF IRON 
IMPLANTED WITH 1.6-MoV NITROGEN IONS 

John Ferrante and William R. Jones, Jr. Mar. 1982 14 p 

refs 

(NASA-TP-1989: E-678; NAS 1.60:1989) Avail: NTIS 
HC A02/MF AOr CSCL 11 F 

The effect of implantation of 1.5-MeV nitrogen ions on the 
friction and wear characteristics of pure iron sliding against steel 
was studied in a pin-on disk apparatus. An implantation dose of 
5 X 10 to the 17th power ions/sq cm was used. Small reductions 
in initial and steady-state wear rates were observed for 
nitrogen-implanted iron riders as compared with upimplantod 
controls, Auger electron spectroscopy revealed a subsurface 
Gaussian nitrogen distribution with a maximum concentration of 
15 at, % at a depth of 8x10 to the -7th m. A similar analysis 
within the wear scar of an implanted rider after 20 microns of 
wear yielded only background nitrogen concentration, thus giving 
no evidence for diffusion of nitrogen beyond the Implanted 
range Author 


N82-21301^/jf National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

FRICTION AND SURFACE CHEMISTRY OF SOME FER- 
ROUS-BASE METALLIC GLASSES 

Kazuhioa MiyoshI and Donald H. Buckley Mar. 1982 14 p 

refs 

(NASA-TP-1991; E-919; NAS 1.60:1991) Avail; NTIS 
HC A02/MF A01 CSCL 11F 

The friction properties of some ferrous-base metallic glasses 
were measured both in argon and in vacuum to a temperature 
of 350 C. The alloy surfaces Were also analyzed with X-ray 
photoelectron spectroscopy to identify the compounds and 
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elements present on the surface. The results of the inveftiga- 
lion indicate that even when the surfaces of the amorphous 
alloys, or metallic glasses, are atomically clean, bulk contaminants 
such as boric oxide and silicon dioxide diffuse to the surfaces. 
Friction measurements in both argon and vacuum indicate that 
the alloys exhibit itigher coefficients of friction in the crystalline 
state than they do in the amorphous state. Author 


N82'22344*| National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio, 

TRIBOLOGICAL PROPERTIES AND XPS STUDIES OF 1014 

PLATED GOLD ON NICKEL AND IRON 

Kazuhisa Miyoshi. Talivaldis Spalvins. and Donald H. Buckley 

1982 18 p refs Presented at Intern. Conf, on Met. Coatings. 

San Diego, Calif,, 4-9 Apr. 1982; sponsored by American Vacuum 

Society 

(NASA-TM-82014; E-1161; NAS 1,15:82814) Avail: NTIS 
HC A02/MF A01 CSCL 1 1F 

Tribological and X-ray photoelectron spectroscopy analysis 
were conducted with ion plated gold films on nickel and Iron 
substrates in sliding contact with metals and nonmetals In a 
vacuum of 3 x 10 nPa and in an argon atmosphere, The results 
obtained indicated a deeper graded interface when gold was 
ion plated on nickel than on iron. The deep graded interface 
between gold and nickel may be due to the solubility of material 
pairs. The gold and nickel in the graded interface can form an 
■Hoy, The gold In the graded Interface with iron is atomically 
dispersed in the iron and thus forms a physically bonded 
interface. This is believed to be due primarily to implantation 
effects. The coefficient of friction, wear and transfer of gold in 
contact with metal or nonmetal were greater In a vacuum of 
3 X 10 nPa than in argon. Gold films In contact with metals 
had a higher coefficient of friction, wear and transfer of gold 
than gold films in contact with the nonmetals. These observations 
resulted from the greater adhesion of gold to metals that to 
nonmetals. Author 


N82-22346*jif National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland. Ohio, 

PERFORMANCE OF LASER GLAZED Zr02 TBCa IN CYCUC 
OXIDATION AND CORROSION BURNER TEST RIGS 
I. Zaplatynsky 1982 21 p refs Presented at the Intern, 
Conf. on Met. Coatings and Process TechnoL, San Francisco, 
4-8 Apr. 1982: sponsored by the American Vacuum Society 
(NASA-TM-82830: E-1195: NAS 1,15:82830) Avail; NTIS 
HC A02/MF A01 CSCL 1 1F 

The performance of laser glazed zirconia thermal barrier 
coatings (TBCs) was evaluated in cyclic oxidation and cyclic 
corrosion tests. Plasma sprayed zirconia coatings of two 
thicknesses were partially melted with a C02 laser. The power 
density of the focused laser beam was varied from 36 to 75 W/sq 
mm, while the scanning speed was about 80 cm per minute, in 
cyclic oxidation tests, the specimens were heated In a burner 
rig for 6 minutes and ,oled for 3 minutes. It is indicated that 
the laser treated samples have the same life as the untreated 
ones. However, in corrosion tests, in which the burner rig flame 
contained 100 PPM sodiurr, fuel equivalent, the laser treated 
samples exhibit nearly a fourfold life improvement over that of 
the reference samples vary. In both tests, the lives of the samples 
inversely with the thickness of the laser melted layer of 
zirconia. EA.K, 


HB2-22347*§ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

METHOD AND APPARATUS FOR COATING SUBSTRATES 
USING LASERS Patent Application 

Isidor Zaplatynsky. inventor {to NASA) Filed 15 Mar. 1982 
9 p 

(NASA-Case-LEW- 13526-1: US-Patent-Appl-SN-358398) Avail: 
NTIS HC A02/MF A01 CSCL 1 1F 

A method for coating substrates using lasers is described. 
Metal substrates, preferably of titanium and titanium alloys, were 
coated by alloying or forming TIN on a substrate surface. In the 
process a laser beam strikes the surface of a mpving substrate 
in the presence of purified nilirogen gas. A small arua of the 
substrate surface is quickly heated, without melting, end roacta 
with the nitrogen to form a solid solution. This process of alloying 
or forming TIN, which occurs by diffusion of nitrogen into the 
titaninum. is reviewed. NASA 
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Nt2-22349*j|( National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 
iURFACE CHEMItTRY. MICROSTRUCTURE AND FRIC- 
TION PRORERTfES OF SOME FERROUS-RASE METALUC 
QU8SES AT TEMPERATURES TO 760 C 
Kazuhlsa Miyoshi and Donald H. Buckley Apr. 1982 16 p 

refs 

(NASA-TP-2006: B-IOOli NAS 1.60:2006) Avail; NTIS 
HC A02/MF A61 CSCL 11B 

X-ray photoelectron spectroscopy analysis, transmission 
electron microscopy, diffraction studies, and sliding friction 
experiments were conducted with ferrous-base metallic glasses 
in sliding contact with aluminum oxide at temperatures from 
room to 750 C in a vacuum of 30 r^Pa. The results indicate 
that there Is a significant temperature influence on thfi friction 
properties, surface chemistry, and microstructure of metallic 
glasses. The relative concentrations of the various constituents 
at the surface of the sputtered specimens were very different 
from the normal bulk compositions. Contaminants can come from 
the bulk of the material to the surface upon heating and impart 
boric oxide and silicon oxide at 3 CO C and boron nitride above 
500 C. The coefficient of friction increased with increasing 
temperature to 350 C. Above 500 C the coefficient of friction 
decreased rapidly. The segregation of contaminants may be 
responsible for the friction behavior. Author 


N82-24322*])i National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

TRIBOLOGICAL CHARACTERISTICS OF NITROGEN (N+) 
IMPLANTED IRON 

William R. Jones and John Ferrante 1982 24 p refs Proposed 
for presentation at the Joint Lubrication Conf.. Washington. D.C.. 
5-7 Oct. 1982; sponsored by the American Society of Lubrication 
Engineers and ASME 

(NASA-TM-82839; E-1207; NAS 1.15:82839) Avail: NTIS 
HC A02/MF A01 CSCL 1 1F 

The effect of implantation of nitrogen Ions (1.5 MoV) on 
the friction and wear characteristics of pure ion sliding against 
M-50 steel (unimplanted) was studied in a pin-on-disk sliding 
friction apparatus. Test conditions included room temperature 
(25 C). a dry air atmosphere, a load of 1/2 kg (4.9 N). sliding 
^velocities of 0.043 to 0.078 m/sec (15 to 25 rpm). a pure 
hydrocarbon lubricant (n-hexadecane). or a U.S.P, mineral oil 
and nitrogen Ion implantation doses of 5x10 to the 15th power 
and 5x10 to the 17th power ions/sq cm. fio differences in 
wear rates were observed in the low dose experiments. In the 
high dose experiments, small reductions in initial (40 percent) 
and steady state (20 percent) wear rates were obsen/ed for 
nitrogen implanted iron riders as compared with unimplanted 
controls. No differences in average friction coefficients were noted 
for either dose. Auger electron spectroscopy combined with argon 
Ion bombardment revealed a subsurface Gaussian nitrogen 
distribution with a maximum concentration of 6 atomic percent 
at a depth of 0.8 microns. Similar analysis within the wear scar 
of an implanted rider after 20 microns of wear yielded only 
background nitrogen concentration. No inward migration of 
nitrogen ions was observed. M.G. 


NS2-24323*jjf National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

EFFECT OF OXIDE FILMS ON HYDROGEN PERMEABILITY 
OF CANDIDATE STIRUNG ENGINE HEATER HEAD TUBE 
ALLOYS 

Susan R. Schuon and John A. Misencik 1981 32 p refs 

Presented at the .110th Ann. Meeting of Am. Inst, of Mining. 
Met. and Petrol. Engrs.. Chicago. 22-26 Feb, 1981 
(Contract DE-A101-77CS-51040) 

(NASA-TM-82824; E-1176; DOE/ NASA/5 1040-38; NAS 
1.15:82824) Avail: NTIS HC A03/MF A01 CSCL 11F 

The effect of oxide films developed in situ from C0/C02 
doped hydrogen on high pressure hydrogen permeability at 
820 C was studied on N-165. A-286, IN 800, 19-9DL, Nitronic 
40, HS-188, and IN 718 tubing in a Stirling materials simulator. 
The hydrogen permeability decreased with increasing dopant 
levels of CO or C02 and corresponding decreases in oxide porosity. 
Minor reactive alloying elements strongly Influenced permeability. 
At high levels of CO or C02. a liquid oxide formed on alloys 
with greater than 50 percent Fe. This caused increased 
permeability. The oxides formed on the inside tube walls were 
analyzed and their effective permeabilities were calculated. T.M. 


N82-24325^# Nationi^t Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

CORRELATION OF TENSILE AND SHEAR STRENGTHS OF 
METALS WITH THEIR FRICTION PROPERTIES 
Kazuhlsa Miyoshi and Donald H. Buckley 1982 23 p refs 

Proposed for presentation at the Joint Lubrication Conf., 
Washington. D.C.. 5-7 Oct. 1982: sponsored by ASME and the 
American Society of Lubrication Engineers 
(NASA-TM-82828; E-1188: NAS 1.15:82828) Avail: NTIS 
HC A02/MF A01 CSCL 11 F 

The relation between the theoretical tensile and the shear 
strengths and the friction properties of metals in contact with 
diamond, boron nitride, silicon carbide, manganese-zinc ferrite, 
and the metals themselves In vacuum was investigated. The 
relationship between the actual shear strength and the friction 
properties of the metal was also investigated. An estimate of 
the theoretical uniaxial tensile strength was obtained in terms 
of the equilibrium surface energy, interplanar spacing of the planes 
perpendicular to the tensile axis, and the Young's modulus of 
elasticity. An estimate of the theoretical shear strength for metals 
was obtained from the shear modulus, the repeat distance of 
atoms in the direction of shear of the metal and the interplanar 
spacing of the shear planes. The coefficient of friction for metals 
was found to be related to the theoretical tensile, theoretical 
shear, and actual shear strengths of metals. The higher the strength 
of the metal, the lower the coefficient of friction. Author 


N82-24326*]jf National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

A STATUS REVIEW OF NASA'S C08AM (CONSERVATION 
OF STRATEGIC AEROSPACE MATERIALS) PROGRAM 
Executive Sutus Report 

Joseph R. Stephens Washington May 1982 46 p refs 
(NASA-TM-82852: E-1222: NAS 1.15:82852) Avail: NTIS 
-HC A03/MF A01 CSCL 1 1F 

The use and supply of strategic elements In nickel base 
superalloys for gas turbine engines are reviewed. Substitution of 
strategic elements, advanced processing concepts, and the 
identification of alternate materials are considered. Cobalt, 
tantalum, columbium, and chromium, the supplies of which are 
91-100% imported, are the materials of major concern. J.D. 


N82-26431*/|i National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

IMPROVED THERMAL BARRIER COATING SYSTEM Patent 
Application 

Stephan Stecura. inventor (to NASA) Filed 6 May 1982 13 p 
(NASA-Case-LEW-1 3324-1: US-Patent-Appl-SN-375784) Avail: 
NTIS HC A02/MF A01 CSCL 11F 

A high temperature oxidation resistant thermal barrier coating 
system for a nickel-, cobalt-, or iion-base alloy substrate Is 
described. An inner metal bond coating contacts the substrate, 
and a thermal barrier coating covers the bond coating. NiCrAIR. 
and CoCrAIR alloy are satisfactory as bond coating compositions 
where R = Y or Yb. These alloys contain, by weight, 0-35% 
chromium. 6-18% aluminum, and 0.05 to 1,55% yttrium or 
0.05 to 3.0% ytterbium. The coatings containing ytterbium are 
preferred over those containing yttrium. An outer thermal barrier 
coating of partially stabilized zirconium oxide (zirconia) which is 
between 6% and 8%, by weight, of yttrium oxide (yttria) covers 
the bond coating. Partial stabilization provides a mBterlat with 
superior durability. Partially stabilized zirconia consists of mixtures 
of cubic, tetragonal, and monoclinic phases, NASA 


N82-2941 S’** National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

REFRACTORY COATINGS AND METHOD OF PRODUCING 
THE SAME Patent 

William A. Brainard and Donald R, Wheeler. Inventors (to NASA) 
Issued 22 Jun. 1982 4 p Filed 7 Dec. 1979 Supersedes 
N80-1 4232 ( 1 8 - 05. p 0583) 

(NASA-Case-LEW-13169-1: US-Patent-4.336,ri7: 
US-Patent-Appl-SN- 102003; US-Patent-Class-204-192C) Avail; 
US Patent and Trademark Office CSCL T1F 

The adhesion, friction, and Wear properties of sputtered 
refractory coatings on substrates of materials that form stable 
nitrides is improved by placing each substrate directly below a 
titanium carbide target of a commercial radiofrequency diode 
apparatus in a vacuum chamber. Nitrogen is bled into the system 
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through a nonie resulting in a smalt partial pressure of about 
0.5% to 2.6% during the first two minutes of deposition. The 
flow of nitrogen is then stopped, and the sputtering ambient Is 
reduced to pure argon through o nozzle without Interrupting the 
sputtering process. When nitrogen is deliberately introduced during 
the crucial Interface formation* some of the titanium at the interface 
reacts to form titanium nitride while the metal of the substrate 
also formt^ the nitride. These two nitrides atomically miKed together 
in the Interfecial region act to more strongly bond the growing 
titanium carbide coating as It forms on the Substrate. 

Official Gazette of the U S Patent and Trademark Office 


N82-30371* National Aeronautics and Space Administration, 
lewis Research Center* Cleveland. Ohio. 

REFRACTORY COATINGS Patent 

William A. Brainard and Donald R. Wheeler, inventors (to NASA) 
Issued 27 Jul 1982 4 p Filed 29 Sep. 1980 Division of US 
Patent Appl SN- 102003. filed 7 Dec, 1979 
(NASA-Case*LEW-13l69.2; US-PaienM.34 1.843; 
US^Patent-Appl-SN-191746; US*Patent*Appl*SN* 102003; 
US-Patont'‘Class-428^457; US.Patent-Class*204.192C; 
US-Patent-Class-428-4721 Avail: US Patent and Trademark 

Office CSCL11F 

A thin sputtered film is discussed which exhibits Improved 
adherence to a substrate and has improved friction and wear 
characteristics. Each substrate is placed directly below a 
titanium carbide target of a commercial radiofrequency diode 
apparatus in a vacuum chamber Nitrogen is bled Into the system 
through a nozzle resulting in a small partial pressure of about 
0,5% to 2,6% during the first two minutes of deposition. The 
flow of nitrogen is then stopped, and the spuacdng ambient is 
reduced to pure argon through a nozzle without interrupting the 
sputtering process 

Official Gazette of the U S. Patent and Trademark Office 


N82'30372*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio 

EVALUATION OF CANDIDATE STIRLING ENGINE HEATER 
TUBE ALLOYS AT 820 DEG AND 860 DEG C Final 
Raport 

John A. Misencik Jun. 1982 43 p refs 
(Contract DE-AI01-77CS-51040) 

(NASA-TM-82837; E-1204; DOE/NASA/51 040-39: NAS 
1.15:82837) Avail: NTIS HC A03/MF AOI CSCL1VF 

Seven commercial alloys were evaluated in Stirling simulator 
materials rigs. Five iron base alloys (N-155. A-286, incoloy 800, 
19-9DU and 316 stainless steel), one nickel base alloy (Inconel 
718). and one cobalt base alloy (HS^188) wore tested in the 
form of thin wall tubing In a diesel fuel fired test rig. Tubes 
filled with hydrogen or helium at gas pressure of 21,6 MPa and 
temperatures of 820 and 860 C were endurance tested for 
1000 and 535 hours, respectively. Results showed that under 
these conditions hydrogen permeated rapidly through the tube 
walio, thus requiring refilling during each five hour cycle, Helium 
was readily contained, exhibiting no measurable loss by permea- 
tion. Helium filled tubes tested at 860 C all exhibited creep-rupture 
failures within the 535 hour endurance test. Subsequent tensile 
test evaluation after removal from the rig Indicated reduced room 
temperature ductility for some hydrogen-filled tubes compared 
to helium-filled tubes, suggesting possible hydrogen embrittlement 
in these alloys. S.L 


N82-30373*jJl National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio, 

EFFECT OF FUEL TO AIR RATIO ON MACH 0.3 BURNER 
RIG HOT CORROSION OF Zr02-Y203 THERMAL BARRIER 
COATINGS 

Philip E. Hodge Jul. 1982 11 p refs 
(Contract DE-AI01-77ET-10350) 

(NASA-TM-82879. E-1255; DOE/NASA/10350-32; NAS 
1,15:82879) Avail: NTlS HC A02/MF AOI CSCL 11F 

A Mach 0,3 burner rig test program was conducted to 
determine how the fuel to air mass ratio affects the durability 
of Zr02-Y203/ NM 6Cr-6Al-0.3 lY thermal barrier coating systems 
In combustion products containing 5 ppm Na and 2 ppm V. As 
the fuel to air mass ratio was increased from 0,039 to 0.049, 
the durability of Zr02-6Y203. Zr02-8Y203 and Zr02*12Y203 
coatins decreased, 2rQ2-8Y203 coatings were approximately 2X 
and 1,3X more durable than 2r02-12Y203 and Zrd2-6Y203 
coatings respectively at the fuel to air mass ratio of 0,039, The 
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number of one hour cycles endured by Zr02*8Y203 coatings 
varied from averages of 53 to 200 for the fuel to olr mass 
ratios of 0 049 and 0.039* fespectively. At the fuel to air mass 
ratio of 0.049. all 2r02^Y203 coated specimens failed in 40 to 
60 one hour cycles S,L 


N82«3150S* National Aeronautics and Space Administration. Lewis 
Research Center, Cleveland, Ohio. 

NICRAL TERNARY ALLOY HAVING IMPROVED CYCLIC OXIDA* 
TION RESISTANCE Patent 

Charles A. Barrett (NAS-NRC, Washington, D.C.), Carl E. Lowell 
(NAS-NRC, Washington, D.C.), and Abdus S. Khan (NAS-NRC, 
Washington. D.C.) Issued 20 Jul. 1982 3 p Filed 23 Oct 1980 
Supersedes N81 -12211 (19 ^ 03, p 0322) Sponsored by NASA 
(NASA-Case-LEW-1 3339-^1; US-Patent-4,340,425; 
US-Patent-Appl-SM-1 99769; US-Patent-Class-1 48-428; 
US-Patent-Clas8-41iO-445; US- Patent-Class-420-651; 
US-Patent-Class-420-5ea) Avail; US Patent and Trademark 
Office CSCL11F 

NICrAI alloys are Improved by the addition of zirconium. These 
alloys are In the Beta or giimma/gamma’ -f Beta region of the 
ternary system. Zirconium Is added in a very low amount between 
0.06 and 0.20 weight percent. There Is a narrow optimum zirconium 
level at the low value of 0.13 weV/ni percent. Maximum resistance 
to cyclic oxidation Is achieved wnen the zirconium addition is at 
the optimum value. 

Official Gazette of the U.S. Patent and Trademark Office 


N82-324B1*?5^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FAILURE MECHANISMS OF THERMAL BARRIER COATINGS 
EXPOSED TO ELEVATED TEMPERATURES 
Robert A. Miller and Carl E, Lowell 1982 14 p refs Presented 
at the lnter'1. Conf. on Met. Coatings and Process Techno!., San 
Diego, Calif., 4-9 Apr. 1982 

(NASA-TM-82905; E-1289; NAS 1.15:82905) Avail: NTIS 
HC A02/MF A01 CSCL 11F 

The failure of a Zr02-8%Y203/NH4% Al-O.1% 2r coating 
system on Rene 41 in Mach 0.3 burner rig tests was characterized. 
High flame and metal temperatures were employed In order to 
accelerate coating failure. Failure by delamlnation was shown to 
precede surface cracking or spalling. This type of failure could be 
duplicated by cooling down the specimen after a single long 
duration Isothermal high temperature cycle in a burner rig or a 
furnace, but only if the atmosphere was oxidizing. Stresses due 
to thermal expansion mismatch on cooling coupled with the effects 
of plastic deformation of the bond coat and oxidation of the irregular 
bond coat are the probable life limiting factors. Heat up stresses 
alone could not fall the coating in the burner rig tests. Spalling 
eventually occurs on heat up but only after the coating has already 
failed through delannjnation. Author 


N82-33493*# National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

A STUDY OF THE NATURE OF SOLID PARTICLE IMPACT AND 
SHAPE ON THE EROSION MORPHOLOGY OF DUCTILE MET- 
ALS 

P. Veerabhadra Rao (N^S-NRG), Stanley G. Young, and Donald 
H, Buckley Jul. 1982 19 p refs Presented at Microscopy of 
the Degradation of Mater. (Wear and Erosion), MICRO 82, Intern. 
Symp. and Exhibition, London, 12-16 Jul. 1982; sponsored by the 
Royal Microscopical Society 

(NASA-TM-82933; E-1298; NAS 1.15:82933) Avail; NTIS 
HCA02/MFA01 CSCL 11 F 

impulsive versus steady jet Impingement of spherical glass 
bead particles on metal surfaces was studied using a gas gun 
facility and a commercial sand blasting apparatus. Crushed glass 
particles were also used In the sand blasting apparatus as well 
as glass beeds. Comparisons of the different types of erosion 
patterns were made. Scanning electron microscopy, surface 
profiiometry and energy dispersive X-ray spectroscopy analysis 
were used to characterize erosion patterns. The nature of the 
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w««r can be divided Into cutting and deforn^tlon, each with its 
own characteristic features. Surface chemistry analysis indicates 
the possibility of complex chemical and/or mechanicai interactloim 
between erodanta and target materiais. S,L 


A82-10674* Effect of aimma (rradhtlon on the friction 

and wear of ultrahlgh niolecular weight polyethylene. W. R. Jones, 
W. F, Hady {NASA. Lewis Research Center, Cleveland, OH), and A. 
Crugnola (Lowell, University, Lowell, MA), vol. 70, July 15, 
1981, p. 77^92. 25 refs. 

The effect of sterilization gamma irradiation on the friction and 
wear properties of ultrahlgh molecular weight polyethylene 
(UHMWPE) sliding against stainless steel 316L In dry air at 23 C Is 
Investigated, the results to be used In the development of artificial 
Joints which are to surgically replace diseased human joints. A 
pln*on-disk sliding friction apparatus is used, a constant sliding speed 
in the range 0,061*0,27 m/s Is maintained, a normal load pf i kgf is 
applied with dead weight, and the Irradiation dose levels mv 0, 2.5, 
and 5.0 Mrad. Wear and friction data and conditions foreach of the 
ten tests are summarized, and include; (1) wear volume as a function 
of the sliding distance for the Irradiation levels, (2) Incrementat wear 
rate, and (3) coefficient of friction as a function of the sliding 
distance. It Is shown that {!) the friction and wear properties of 
UHMWPE are not significantly changed by the irradiation doses of 
2,5 and 6.0 Mrad, (2) the Irradiation Increases the amount of 
insoluble gel as weli as the amount of low molecular weight material, 
and (3) after run-in the wear rate is either steady or gradually 
decreases as a function of the sliding distance. K.S, 


A82-11399 * Comparative thermal fatigue resistance of sev- 

eral oxide dispersion strengthened alloys. J. U. Whfttenberger and P. 
T, BIzon {NASA, Lewis Research Center, Cleveland, OH). Interna- 
tional Journal of Fatigue, vol. 3, Oct, 1981, p. 173-180. 25 refs. 

The thermal fatigue resistance of several oxide dispersion 
strengthened (ODS) alloys has been evaluated through cyclic 
exposure In fluidized beds. The ODS nickel-base alloy MA 754 and 
ODS Iron-base alloy MA 956 as well as four experimental ODS 
NM6Cr-4,5AI base alloys with and without Ta additions were 
examined. Both bare and coated alloys were subjected to up to 6000 
cycles where each cycle consisted of a 3 minute Immersion In a 
fluidized bed at 1 130 C followed by a 3 minute immersion in a bed 
at 357 C. Testing revealed that the thermal fatigue resistance of the 
ODS nickel-base alloys was excellent and about equal to that of 
directionally solidified superalloys. However, the thermal fatigue 
resistance of MA 956 was found to be poor. Metallographic 
examination of tested specimens revealed that, In general, the 
post- test microstructures can be rationalized on the basis of previous 
diffusion, mechanical property, and oxidation studies. (Author) 


A82-371S1 * Long-term high-velocity oxidation and hot corrosion 
testing of several NiCrAI and FeCrAt base oxide dispersion strengthened 

alloys. C. E, Lowell, D. L. Deadmore, and J. D. Whittenberger (NASA, Lewis 
Research Center, Materials Div„ Cleveland, OH). Oxidation of Metals, vol. 17, 
Apr. 1982, p, 205-221. 20 refs. 

Several oxide dispersion strengthened (ODS) alloys have been tested for 
cyclic, long-term, high gas-velocity resistance to oxidation at 1100 C and hot 
corrosion at 900 C. Both nominally Ni-16Cr-4At and pe-20Cr-4.5AI ODS alloys 
were subjected up to about 2500 cycles, where each cycle consisted of 1 hr In 
a hot, Mach 0.3 combusted gas stream followed by a 3-min quench in an ambient 
temperature, Mach 0.3 air blast. For comparison to existing lechnolcgy, a coated 
superalloy was simultaneously tested. The ODS Iron alloy exhibited clearly su- 
perior behavior, surviving 3000 oxidation and 2300 hot corrosion cycles essen- 
tially unscathed. While the ODS nickel alloys exhibited adequate oxidation 
resistance, the long-term hot corrosion resistance could be marginal, since the 
best life for such alloys under these conditions was only about 1100 cycles. 
HowQver, the hot corrosion resistance of the ODS Nl-base alloys Is excellent in 
comparison to that of traditional superalloys. (Author) 


A82-40041 ^ Crystallographic texture hi oxlde-dlsperaion-atrength- 

ened alloys. J, 0, Whittenberger (NASA, Lewis Research Center, Cleveland, 
OH), Materials Sclonce and Engineenng, vol. 54, June 1982, p. 81-83. 9 refs. 
Crystallographic and elastic moduli data are presented which document the 
degree of texture in several oxide dispersion-strengthened (ODS) nickel-base 
alloys. The existence of strong crystallographic textures in such multicrystalKne 
alloys Is considered important, since the smaii angle grain boundaries may be 


partially responsible for creep thredhoid stresses. Gfeiter (1 979) has shown that 
Ideal, tow energy boundaries will act as vacancy sources only when the applied 
stress is greater than a threshold stress, while large angle grain boundaries will 
emit vacancies at all stress levels. The continued operation of a net vacancy in 
an ODS alloy must be avoided, since It will lead to a [ocailzod disruption of the 
n^crostruclure* O.C. 


A82-42774 * Structure and creep rupture properllee of dlreclionelly 
eotldified eutectic gamme/gemme-prlme-alphe elloy. J. D. Whittenberger 
(NASA^ Lewis Research Center, Cleveland, OH) and G. Wlrlh (Deutsche For* 
schungs- und Versuchsanstalt fOr Luft- und Raumfahrt, Cologno, West Gor^ 
many). Metal Science, vol. 16, Aug. 1982, p. 383-388. 21 refs. Research 
supported by the Alexander von Humboldt-Stiftung. 

A simple ternary gamma/gamma-prlme-alpha alloy of nominal composition 
(wt-%) N1-92MO-6AI has been directionally solidified at 17 mm/h and tested In 
creep rupture at 1073^ 1173, and 1273 K. A uniform microstructure consisting of 
square-shaped Mo fibers In a gamma *f gamma-prime matrix was found despite 
some variation In the molybdenum and aluminum concentrations along the 
growth direction. Although the steady-state creep rate Is well described by the 
normal stress tempeature equation, the stress exponent (12) and the activation 
energy (580 kJ/mol) are high. The rupture behavior is best characterized by the 
Larson-Miller parameter where the constant equals 20. (Author) 


A82-47393 * # The Influence of gamma prime on the recryttelllzation 
of an oxide diaperTilon atrengthened superalloy - M A 6000E. R. K. Hotzler 
(Queensborough Community College, Bayside, NY) and T, K. Glasgow (NASA, 
Lewis Research Center, Cleveland, OH). Metallurgical Transactions A - Physical 
Metallurgy and Materials Science, ^/ol 13A, Oct. 1982, p. 1665-1674. 15 refs. 

The requirement of large, recrystallized, highly elongated grains Is of primary 
importance to the development of suitable high temperature properties in oxide 
dispersion strengthened-superalloys. In the present study the recrystalllzation 
behavior of MA 6000E, a recently developed Y203 strengthened superalloy 
produced by mechanical ailpying, was examined using transmission and replica- 
tion microscopy. Gradient and Isothermal annealing treatments were applied to 
extruded and hot rolled products. It was found that conversion from a very fine 
(0.2 micron) grain structure to a coarse (approximately 10 mm) grain structure 
is controlled by the dissolution of the gamma pdme phase, while grain shape was 
controlled primarily by the thermal gradient. The fine uniform oxide dispersion 
appeared to have only a secondary Influence (n determining the grain shape as 
columnar grains could be grown transverse to the working direction by approprl* 
ate application of the thermal gradient. (Author) 


A82-47397 * The Influence Of orientation on the stress rupture prop- 
erties of nickel-base superalloy single crystals. R. A. MacKay (NASA, Lewis 
Research Center, Cleveland. OH) and R. D. Maler (Chase Brass and Copper Co„ 
Solon, OH). Metallurgical Transactions A - Physica! Metallurgy and Maietlals 
Science, vol. 13A, Oct. 1982. p, 1747*1754. 13 refs. Grant No, NsG-3246. 

Constant load creep rupture tests were performed on MAR-M247 single crys- 
tals at 724 MPa and 774 C where the effect of anisotropy Is prominent. The initial 
orientations of the specimens as well as the final orientations of selected crystals 
after stress rupture testing W9re determined by the Lauo back-reflection X-ray 
technique. The stress rupture lives of the MAR-M247 single crystals were found 
to be largely determined by .,ie lattice rotations required to produce Intersecting 
slip, because second-stage creep does not begin until after the onset of intersect- 
ing slip. Crystals which required large rotations to become oriented for Intersect- 
ing slip exhibited the shortest stress rupture lives, whereas crystals requiring little 
or no rotations exhibited the lowest minimum creep rates, and consequently, the 
longest stress rupture lives, V.L. 


A62-47398 * Fatigue and creep-fatigue deformation of several nick- 
el-base superalloys at 650 C. R. V. Miner, J, Gayda (NASA, Lewis Research 
Center, Cleveland, OH), and R. D. Maier (Chase Brass and Copper Co., Solon, 
OH). Metallurgical Transactions A - Physical Metallurgy and Materials Science, 
vol. 13 A, Oct. 1982, p. 1755-1765. 36 refs. 

Transmission electron microscopy has been used to study the bulk deformation 
characteristics of seven nickel-base superalloys tested in fatigue and creep- 
fatigue at 650 C. The alloys were Waspalloy, HIP Astrojoy, H plus F Astroloy, H 
plus F Ren6 95,JN 100, MERL76, and NASA liB-7. The amount of bulk deforma- 
tion observed in al> the alloys was tow. In tests with inelastic strain amplitudes less 
than about 0.003, only some grains exhibited yielding and the majority of those 
had the 110 line near the tensile axis, Deformation occurred on octahedral sys- 
tems for all of the alloys except MERL 76 which also showed abundant primary 
cube slip. Creep-fatigue cycling occasionally produced extended faults between 
partial dislocations, but otherwise deformation was much the same as for fatigue 

V.L. 
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cycling. 
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A82-473M * The Influence of coheit on the teneUe and atreas-rup- 
ture propcrttea of the nickel-baee superailoy MAR-M247* M. V. Nathal 
(NASA. Lewis Rosearch Center, Cleveland. OH), R. D. Maier (Chase Brass and 
Copper Ca. Solon, OH), and L J. Ebert (Case V/estern Reserve University. 
Cleveland, OH). MetaUurgical Transactions A - Physical Metallurgy and Matori- 
als Saonce, voi. 13A. Oct 1962. p. 1767-1774. 27 refs. 


A82-47400 * The Influence of cobalt on the microatructure of the 
nicket‘baae superailoy MAB-M247* M. V- Nathal (NASA, Lewis Research Cen- 
ter, Cleveland, OH), B> D. Malor (Chase Brass and Copper Co., Solon, OH), and 
i. J. Ebert (Case Western Reserve University. Cleveland, OH), MetaKurglcaf 
Transactions A * Physical Metallurgy and Materials Science^ voL 1 3 A, Oct. 1 902, 
p 1775.1703. 20 refs. Grant No. NsG-330. 

Nickel was substituted for Co to produce 0, 5, and the sLuidard 10% versions 
of MAR.M247, a cast nickel-base superailoy. The rnicrostructures of the alloys 
were examined In as-cast, heat treated, aged, and stress-rupture tested condi- 
tions using a variety of metallographic techniques and differential thermal anal- 
ysis. As cobalt concentration was reduced from 10 to 0 wt %, the gamma-prime 
weight fraction decreased from 59 to 41 %; W and TI concentrations In the gam- 
ma-prime phase increased from 6 to 8 and 2 to 3 at.%, respectively; the mean 
gamma-prime particle size increased from 0.6 to 0,0 micronj Cr and AI concentra- 
tions in the gamma matrix decreased from 17 to 13 and 15 to 12 at.%, respec- 
tively; and the weight fraction of carbides increased by approximately 1 %. V,L 


N82-10193*))! lit Research Inst,, Chicago, III. Materials 
Technology Div. 

THERMAL FATIGUE AND OXIDATION DATA OF TAZ-8A 
AND M22 ALLOYS AND VARIATIONS Technical Report, 
1 Fab, - 30 Apr. 1980 

K. E. Hofer and V. E. Humphreys Sep. 1981 44 p refe 
(Contract NAS3-17787) 

(NASA-CR-165407, IITRI-M06001-89) Avail: NTIS 

HC A03/MF AOl CSCL11F 

Thermal fatigue and oxidation data were obtained on 
36 specimens, representing 18 distinct variations (including the 
base systems) of TAZ-8A and M22 alloys. Double-edge wedge 
specimens for these systems were cycled between fluidized 
beds maintained at 1088 C and 316 C with a 180 s immersion 
in each bed. The systems included alloys TAZ-8A, M22, and 
1 6 variations of these alloys. Each alloy variation consisted of a 
unique composition with an alternation in the percentage of 
carbon (Cl and C2), moiydenum (Ml and M2), tungsten (W1 
and W2), columbium (CB1, C62, and CB3). tantalium (Tl, T2. 
and T3), or bor^^n (B1. 82, and 83) present. All of the alloys 
showed little w^/ight change due to oxidation compared with 
other alloys previously tested in fluidized beds. Only both Cl 
alloy variation specimens survived 3500 cycles without cracking 
In the small radius, although substantial cracks were present, 
emanating from the end notches which were used for holding 
the specimen^ Author 


N82-13217*# Pittsburg Univ, Pa. Dept, of Metallurgical and 
Materials Engineering 

INVESTIGATION INTO THE ROLE OF NaCI DEPOSITED 
ON OXIDE AND METAL SUBSTRATES IN THE INITIATIC^ 
OF HOT CORROSION Semiannual Report, 1 Apr. - 1 Oct. 
1981 

N. Rirks 1 Oct. 1981 24 p 
(Grant NAG3-44) 

(NASA-CR-165029; SAR-3) Avail; NTIS HC A02/MF AOl 
CSCL11F 

Morphological aspects of the conversion to Na2S04 of NaCj 
deposits over the temperature range 500-700 C, in air with 
added S02 and H20. Progress of the reaction was obser\'ed by 
withdrawing samples at various times and examining them under 
the scanning electron microscope using EDAX to assess the 
extent of chloride to sulfate conversbn. These initial results show 
that the conversion to Na2S04 proceeds directly on the sodium 
chloride surface as vveil as on the surrounding substrate due to 
evaporation of NaCl from the solid particle. The mechanism of 
this reaction could Involve reaction in the vapor to produce 
Na2S04 which then deposits, alternatively Na2S04 could form 
directly on the substrate surface due to direct reaction there 
between the vapors NaCI, SO? nd 02 A.H.H. 
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Nt2-14333^# Avco Lycoming Div„ Stratford, Conn. Materials 
Ub. 

DEVELOPMENT OF IMPROVED HIGH TEMPERATURE 
COATINGS FOR IN-792 -f Hf Final Report 
D. D. Profant and S K. Naik Jum 1981 95 p refs 
(Contract NAS3-22371; DA Pro). 1Lt-62209-AH-76) 
(NASA-CR-1 66395) A» eil; NTIS HC A05/MF AOl CSCL 
11F 

The development for t-55 1712 engine of high temperature 
for integral turbine nozzles with Improved thermal fatigue 
resistance without sacrificing oxidation/corrosion protection Is 
discussed. The program evaluated to coating systems which 
comprised one baseline plasma spray coating ( 1 2% AI-NiCoCrALY), 
three aluminide coalings including the baseline aluminide (701). 
two CoNiCrAly (6% AI) ^ aluminide systems and four NlCoCrY 
-F aluminide coating were evatuated. The two-step coating 
processes were investigated since It offered ihe advantage of 
tailoring the composition as well as properly coating surfaces of 
an integral or segmented nozzle. Cyclic burner rig thermal fatigue 
and oxidation/corrosion tests were used to evaluate the 
candidate coating systems. The plasma sprayed 12%AI-NiCoCrAIY 
Was rated the best coating in thermal fatigue resistance and 
outperformed all coatings by a factor between 1 4 to 2.5 In 
cycles to crack initiation. However, this coatings is not applicablo 
to integral or segmented nozzles due to the line of sight limitation 
of the plasma spray process. The 6% AI-CoNiCrAlY 4- Mod. 
701 aluminide (32 w/o AI) was rated the best coating in 
oxidation/corrosion resistance and was rated the second best In 
thermal fatigue resistance J D.H. 


Westinghouse Electric Corp„ Pittsburgh. Pa. 

EVALUATION OF C^RESENT THERMAL BARRIER COAT- 
INGS FOR POTENTIAL SERVICE IN cicCTRIC UTIUTY GAS 
TPJRBINES Final Report 

R, J, Brattcn, S. X. Lau, and S, Y. Ice Jut. 1982 161 p refs 
Sponsored in part by Electric Power Research Inst 
(Contract NAS3-21377) 

(NA SA-CR- 1 65545; Rept-81-9D6-NASAC-R3) Avail: NTIS 
He A08/MF AOl CSCL 11 F 

The resistance of present-day thermal barrier coatings to 
combustion gases found In electric utility turbines was assessed. 
The plasma sprayed coatings, both duplex and graded types, 
were primarily zirconta-based, although a calcium silicate was 
also evaluated. Both atmospheric burner rig tests and high pressure 
tests (135 psig) showed that several present-day theririal 
barrier coatings have a high potential for senrice in gas turbines 
burning the relatively clean GT No. 2 fuel, However, coating 
( nprovements are needed for use in turbines burning lower grade 
fuel such as residual oil. The duplex Zr02.8Y203/NiCrAlY coating 
was ranked highest and selected for near-term field testing, with 
Ca2Si04/NiCrA 1 Y ranked second. Graded coatings show 
potential for corrosive turbine operating conditions and warrant 
further development. The coating degradation mechanisms for 
each coating system subjected to the various onvIrfTimentai 
conditions are also described. B.W. 


N82-18370*^ TRW, Inc., Cleveland, Ohio. Materials Technology 
Ub. 

DEVELOPMENT OF MATERIALS AND PROCESS TECHNOL- 
OGY FOR DUAL ALLOY DISXS Final Report 

James M. Marder and Charles S. Kortovich Oct. 1981 188 p 

refs 

(Contract NAS3-21351) 

(NASA-CR-165224; TRW-ER-8001-F) Avail; NTIS 

HC A09/MF AOl CSCL 1 1F 

Techniques for the preparation of dual alloy disks wore 
developed and evaluated. Four material combinations were 
evaluated in the form of HIP consolidated and heat treated 
cylindrical and plate shapes in terms of elevated temperature 
tensile, stress rupture and low cycle fatigue properties. The process 
evaluation indicated that the pe-HIP AF-115 rim/loose powder 
Rene 95 hub combination offered the best overall range of 
mechanical properties for dual disk applications. The feasibility 
of this dual alloy concept for the production of more complex 
components Was demonstrated by the scale up fabrication of a 
prototype CFM-56 disk made from this AF-115/ Rene 
95 combination. The hub alloy ultimate tensile strength was 
approximately 92 percent of the program goal of 1520 MPa 
(220 ksi) at 480 C (900 F) and the rim alloy stress rupture 
goal of 300 hours at 675 C (1250 F)/925 MPa (134 ksi) was 
exceeded by 200 hours. The low cycle fatigue properties were 
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equivalent to those exhibited by HIP and heat treated ailoye. 
There was an abwnce of rupture fwtch sensitivity in both alkyys. 
The joint tensile properties were approximate V 85 percent of 
the weaker of the two materials (Bene 95) and the stress rupture 
properties were equivalent to thnse of the weaker of the two 
materials (Rene 95). Author 


N82*19360^;j( Pratt artd Whitney Aircraft, Bast Hartford. CJonn, 

TAILORED PLASMA SPRAYED MCrAlY COATINGS FOR 
AIRCRAFT GAS TURSINE APPUCATIONS 

F. J. Pennisi and 0. K, Gupta Jan. 1981 132 p refs 
(NAS3-21730) 

(NASA-CR-165234; PWA-5642-21) Avail; NTIS 

HC A07/MF A01 CSCL11F 

Eighteen plasma spraved coating systems* nine based on 
the NiCoCrAIy cherniidry and nine based on the CoCrAly 
composition, were evaluated to identify coating systems which 
provide equivalent or superior life to that shown by the electron 
beam physical vapor deposited NiCoCrAIy and CoCrAly coatings 
respectively. NiCoCrAIy type coatings were examined on a 
singio crystal alloy and the CoCrAly based coatings were optimized 
on the B190Q-F Kf alloy. Cyclic burner rig oxidation and hot 
corrosion and tensile ductility tests used to evaluate the various 
coating candidates. For the single crystal alloy, a low pressure 
chamber plasma sprayed NiCoCrAIy 4* Si coating exhibited a 
2x oxidation life Improvement at 1394 K (2050 F) over the 
vapor deposited NiCoCrAIy material while showing equivalent 
tensile ductility. A silicon modified low pressure chamber plasma 
sprayed CoCrAly coating was found to be more durabto than 
the baseline vapor deposited CoCrAly coating on the B 19004 
Hf alloy. S.L 


N82-26436*^ Cincinnati Univ., Ohio Dept, of Materials Science 
and Metallurgical Engineering. 

HIGH TEMPERATURE LOW CYCLE FATIGUE MECHA- 
NISMS FOR NICKEL BASE AND A COPPER BASE ALLOY 
M,$. Theala Firuil Report 

Chin-1 Shih Washington NASA Jun. 1982 110 p refs 
{Grant NsG-3263) 

{NASA-CR-3543; NAS 1.26;3543) Avail: NTIS 

HG A06/MF A01 CSCL 11F 

Damage mechanisms were studied in Rone* 95 and NARloy 
2, using optical, scanning end transmission in microscopy. In 
necklace Rene^ 96, crack initiation was mainly associated with 
cracking of surface MC carbides, except for hold time tests at 
higher strain ranges where initiation was associated more with 
a grain boundary mechanism. A mixed mode of propagation 
with a faceted fracture morphology was typical for all cycle 
characters. The dependence of life on maximum tensile stress 
can be demonstrated by the data falling onto three lines 
corresponding to the three tensile hold times, in the life against 
maximum tensile stress plot. In NARloy Z, crack initiation vvas 
always at the grain boundaries. The mode of crack propagation 
depended on the cycle character. The life decrea:»ed with 
decreasing strain rate and with tensile holds. In terms of damage 
mode, different life prediction laws may be applicable to different 
cycle characters. A.R.H. 


N82-26439*j(l United Technologies Corp., EasV Hartford. Conn, 
Commercial Products Div. 

HOT iSOSTATICALLY PRESSED MANUFACTURE OF HIGH 
strength MERL 76 DISK AND SEAL SHAPES Final 
Raport 

R. D. Eng and D. J. Evans May 1982 139 p refs 
(Contract NAS3-20072} 

(NASA-CR-1 65549; NAS 1.26:165543; PWA/5574-123) Avail; 
NTIS HC A07/MF A01 CSCL11F 

The feasibility of using MERL 76, an advanced high strength 
direct hot isostatic pressed powder metallurgy superalloy, as a 
full scale component In a high technology, long life, commorcial 
turbine engine were demonstrated. The component was a JT9D 
first stage turbine disk, The JT9D disk rim temperature capability 
wai:^ Increased by at least 22 C and the weight of JT9D high 
pressure turbine rotating components was reduced by at least 
35 pounds by replacement of forged Supe/waspaloy components 
with hot isostatIc pressed (HIP) McRL 76 components. The 
process control plan and acceptance criteria for manufacture of 
MERL 76 HIP consolidated components were gonermed. Disk 
components were manufactured for spin/ burst rig test, experimen- 


tal engine tests, and design data generatiort, which established 
tower design properties Including tensile, stress-rupture, 0.2% 
creep and notched (Kt » 2,5) low cycle fatigue properties, 
Sonntag, fatigue crack propagation, and low cycle fatigue crack 
threshold data, Dlrtict HIP MERL 76, when compared to 
conventionally forged Superwaspaloy,^ Is demonstratad to be 
tiUperlor In mechanical properties, Increased rim temperature 
capability, reduced component weight, and reduced material 
cost by at least 30% based on 1980 costs, J,D, 


NB2-27462^)^ Mlchtgart Technoloolcal UnIv., Houghton, Dept 
of Metallurgical Engineering. 

80LUTE TRANBPORT DURING THE CYCLIC OXIDATION 
OF Ni-Cr-Al ALLOYS M.S, Thesis 
James A. Nesbitt May 1982 140 p refs 
(Grant NsG*32t5) 

(NASA-CR-165544; NAS 1,26:155544) Avail; NTIS 
HC A07/MF A01 CSCL 1 1F 

Important requirements for protective coatings of NirCf'AI 
•Hoys for gas turbine superalloys are resistance to oxidation 
accompanied by thermal cycling, resistance to thermal fatigue 
cracking. The resistance to oxidation accompanied by thermal 
cycling Is discussed. The resistance to thermal fatigue cracking 
Is also considered. S.L, 


N82-28409^j)i Purdue Univ., Lafayette, Ind. Dept, of Material 
Engineering 

EFFECTS OF COBALT ON THE MICROSTRUCTURE OF 
UDIMET700 M.S. Thesis Final Report 

Mayer Abraham Engel Jun. 1982 66 p refs 
(Grant NAG3-57) 

(NASA-CR-16S605; NAS 1.26:165605) Avail: NTIS 

HC A04/MF AOl CSCL 1 1F 

Cobalt, a critical and 'strategiV alloying element In many 
superalloys, was syslemallGally substituted by nickel in experimen- 
tal alloys Udimet 700 containing 0.1, 4.3, 8.6, 12.8 and the 
standard 17,0 wt.% cobalt. Electrolytic and chemical extraction 
techniques, X-ray diffraction, scanning electron and optical 
microscopy were used for the microstructural studios. The total 
weight fraction of gamma* was not significantly affected by the 
cobalt content, although a difference in the size and quantities 
of the primary and secondary gamma* phases was apparent. 
The lattice parameters of the garnma' were found to Increase 
with increasing cobalt content while the lattice mismatch between 
the gamma matrix and gamma' phases decreased. Other significant 
effects of cobalt on the weight fraction, distribution and formation 
of the carbide and boride phases as well as the relative stability 
of the experimental alloys during long-time aging are also 
discussed. Author 


mZ-3Q37A*jl Purdue Univ., Ufayetie, Ind. 

MC CARBIDE STRUCTURES IN M(LC2)AR-M247 
M.S. Th^in - Final Raport 

Stanley Walter Wawro Jun. 1982 53 p refs 
(Contract NAG3-59) 

(NASA-CR- 167892; NAS 1.26:167892) Avail: NTIS 

HC A04/MF AOl CSCL 1 1F 

The morphologies and distribution of the MC carbides in 
Mar-M247 ingot stock and castings were investigated using 
metailographlc, X-ray diffraction and energy-dispersive X-ray 
analysis techniques. The MC carbides were found to form script 
structures during solldlflcatlpn. The script structures were 
composed of three distinct parts. The central cores and 
elongated ai\ms of the MC carbide script structures had 
compositions (Tl, Cr, Hf, Ta, W)C and lattice parameters of 
4.39 A. The elongated script arms terminated in enlarged, angular 
'heads*. The heads had compositions (71, Hf, Ta. W)C and lattice 
parameters* of approximately 4.50 A, The heads had a higher 
Hf content than the cores and arms. The size of the script 
structures, as Well as the relative amount of head-type to core 
and arm-type MC carbide, was found to be determined by 
solidification conditions. No carryover of the MC carbides from 
the ingot stock to the remelted and cast material was observed. 

Author 
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N82-31S09*# Colorado State Unk, Fort Collins* Dept of 
Physics. 

ION BEAM MICROTEXTURINQ AND ENHANCED SURFACE 
DIFFUSION Final Report 

Raymond S. Robinson Fob. 1982 54 p refs 
(Grant NAG3-43) 

(NASA-CR.167948; NAS 1.26:167948) Avdl: NTIS 

HCA04/MFA01 CSCL11F 

Ion beam interactions with solid surfaces are discussed with 
particular emphasis on microtextur%}|l Induced by the deliberate 
deposition of controllable amountu # an Impurity material onto a 
solid surface while simultaneously sputtering the surface with an 
Ion beam. Experimental study of the optical properties of microtex- 
tured surfaces Is described. Measurements of both absorptance 
as a function of wavelength and emlssMty are presented. A 
computer code is described that models the sputtering and ton 
reflectiori processes Involved In microtexturo formation. 6.W. 


N82-33494*# Solar Turbines international, San Diego, Calif. 

ADVANCED CERAMIC COATING DEVELOPMENT FOR INDUS< 
TRIAL/UTILITY GAS TURBINES Final Report, 11 Mar. 1979 - 
1 Sep. 1961 

James W. Vogan and Alvin R. Stetson Jan. 1982 128 p refs 
(Contracts DEN3-109; DE-AI01-77ET-3111) 

(NASA-CR.169852; DOE/NASA/0109-1; NAS 1.26:169852; 
SR82-R-4792-28) Avail; NTIS HC A07/MF A01 CSCL11F 
A program was conducted with the obiectlve of developing 
advanced thermal barrier coating (TBC) systems. Coating applica- 
tion was by plasma spray. Duplex, triplex and graded coatings 
were tested. Coating systems Incorporated both NiCrAly and 
CoCrAly bond coats, Four ceramic overlays were tested: Zr02. 
8203; Ca0.Ti02; 2Ca0.SI02; and MgO.AI203. The best overall 
results were obtained with a Ca0JI02 coating appliedjto a NiCrAly 
bond coat. This coating was less sensitive than the zr02.8T2Q3 
coating to process variables and part geometry. Testing with fuels 
contaminated with compounds containing sulfur, phosphorus and 
alkali metals showed the zlrconla coatings were destabilized. The 
calcium titanate coatings were not affected by these contaminants. 
However, when fuels were used containing 50 ppm of vanadium 
and 150 ppm of magnesium, heavy deposits were formed on the 
test specimens and combustor components that required frequent 
cleaning of the test rig. During the program Mars engine first- 
stage turbine blades were coated and Installed for an engine cyclic 
endurance run with the zirconia, calcium titanate, and calcium 
silicate coatings. Heavy spalling developed with the calcium silicate 
system. The zirconia and calcium titanate systems survived the 
full test duration. It was concluded that these two TBC's showed 
potential for application In gas turbines. Author 


A82- 20742 * if Improved plasma $prayed MCrAlY coatings for 
aircraft gas turbine applications. F. J. Pennisl and D. K« Gupta 
(United Technologies Corp„ Pratt and Whitney Aircraft Group, East 
Hartford, CT). American Vacuum Society, lnternatlor,al Conference 
for Metallurgical Coatings, San Francisco, CA^ Apr. 6-10, 1981, 
Paper. 17 p. 1 1 refs. Contract No. N AS3-21730. 

Eighteen plasma sprayed coating systems, nine based on the 
NiCoCrAlY chemistry and nine based on the CoCrAlY composition, 
were evaluated to identify coating systems which will provide 
equivalent or superior life to that shown fay the electron beam 
physical vapor deposited NiCoCrAiY and CoCrAlY coatings respec- 
tively. NiCoCrAIY-typo coatings were examined on a single crystal 
alloy and the CoC^'I^IY based coatings were optimized on the B1900 
+ Hf alloy. Cyclic burner rig oxidation and hot corrosion and tensile 
ductility tests were used to evaluate the various coating candidates. 
For the single crystal alloy, a low pressure chamber plasma sprayed 
NiCoCrAlY + Si coating exhibited a 2X oxidation life Improvement 
at 1121 C (2050 F) over the vapor deposited NiCoCrAlY material 
while showing eqc^ivalent tensile ductility. A silicon modified low 
pressure chamber plasma sprayed CoCrAlY coating was found to be 
more durable than the baseline vapor deposited CoCrAlY coating on 
the B1900+ Hf alloy. (Author) 


A62-34973 ^ Effgcttt of cobalt on structura, mlcrochamlatry and 
prqparttaa of a wrought nictiahbaat auparalloy. R. N. Jarrottand J. K. Tion 
(Columbia University, New YorK. NY). Metallurgical Transactions A - Physical 
Metallurgy and Maferfals Spence, vol. 10A. June 1982, p, 1021-1032. 30 refs. 
Grant No, NAG3-57. 

Tj)o effect of cobalt on the basic mechanical properties and microstruclure of 
wrought nickel-base superalloys has been investigated experimentajly by sys- 
tematically replacing cobalt by nickel in Udimet 700 (17 wl% Co) commonly ttsed 
In gas turbine (jet engine) applications. It Is shown that the room temperature 
tensile yield strength and tensile strength only slightly decrease In fine-grained 
(disk) alloys and are basically unaffected Sn coarse-grained (blading) alloys as 
cobalt is removed, Creep and stress rupture resistances at 760 C are found to 
be unVf acted by cobalt level In the blading alloys and decrease sharply only 
when the cobalt level is reduced below 8 vot% in the disk alloys. The effect of 
cobalt is explained in terms of gamma pnme strengthening kinetics. V,L 


A62-40335 * Creep and rupture of an CDS AVy with high etreat rup- 
ture ductility, M. E. McAlarney. B. M, Arsons f^Jelanese Research Center, 
Summit, NJ), T. 1^. Howsor, J. K. Tien (Columbia University, New York, NY), and 
S. Baranow (Special Metals Corp., New Hartford, NY). Motallurglcal Transac- 
tions A ^ Physical Metallurgy and Materials Science, voU 13A, Aug. 1982, p. 
1453-1462, 33 refs. Grant No. NsG-3050. 

The creep and stress rupture properties of an oxide (Y203) dispersion 
strengthened nipkel-baso alloy, which also is strengthened by gamma-prime 
precipitates, was studied at 760 and 1093 C. At both temperatures, the alloy 
YDNICrAI exhibits unusually high stress rupture ductility as measured by both 
elongation and reduction In area. Failure was transgranular, and different modes 
of failure were observed Including crystallographic fracture at intermediate tem- 
peratures and tearing or necking almost to a chisel point at higher temperatures. 
While the rupture ductility was high, the creep strength of the alloy was low 
relative to conventional gamma prime strengthened superallovsin the Intermedi- 
ate temperature range and to ODS alloys in the higher temperature range. These 
findings are discussed with respect to the alloy composition; the strengthening 
oxide phases, which are inhomogeneousiy dispersed; the grain morphology, 
which is coarse and elongated and exhibits many Included grains; and the second 
phase inclusion particles occurring at grain boundaries and in the matrix. The 
creep properties, in particular the high stress dependencies and high creep acih 
vailon energies measured, are discussed with respeci lo the resisxing stress 
model of creep in particle strengthened alloys. (Author) 


A62-44529 * RecrysUllization and grain growth in NIAI. G. R. Haff 
(ODECO, New Orleans, LA) and E M. Schulson (Dartmouth College. Hanover, 
NH). Metallurgical Transactions A - Physical Metallurgy and Matenals Science, 
vol. 13A, Sept. 1982, p. 1563-1566, 8 refs. Grant No. NAG3-13. 

Aluminide Intermetallics, because of their strength, microstructural stability, 
and oxidation resistance at elevated temperatures, represent potential structural 
materials for use in advanced energy conversion systems. This Inherent potential 
of the intermetallics can currently not be realized in connection with the general 
brittleness of the materials under ambient conditions. It Is pointed out, however, 
that brittlenoss is not an inherent characteristic, Single crystals are ductile and 
polycrystals may be, too, If their grains are fine enough. The present investigation 
{$ concerned with an approach for reducing materia! brittleness, taking into ac- 
couiVjt thermal-mechanicany induced grain refinement In NiAl, a B2 aluminide 
which melts at 1638 C and which retains complete order to its melting point. 
Attention is given to the kinetics of recrystallization and grain growth of warm- 
worked, nickel-rich materia). G.R. 


A82-48244 * # Applications temperature powder metal alumi- 
num alloys to small gas turbtnr i? viillan, Jr. (Garrett Turbine Engine Co„ 

Fhoenlx, A2), American Institute . , Jlurglcal Engineers, Annual Meeting, 

Dallas, TX, Feb. 15-18, 1982, Paper, i v p. Contract No. DEN3-167. 

A program aimed at the development of advanced powder-metallurgy (PM) 
aluminum alloys for high-temperature applications up to 650 F using the concepts 
of rapid solidification and mechanical alloying is discussed. In particular, applica- 
tion of rapidly solidified PM aluminum alloys to centrifugal compressor Impellers, 
currently used In auxiliary power units for both military and commercial aircraft 
and potentially for advanced automotive gas turbine engines, is examined. It Is 
shown that substitution of high-temperature aluminum for titanium alloy impellers 
operating In the 360-650 F range provides significant savings In material and 
machining costs and results in reduced component weight, and consequently, 
reduced rotating group Inertia requirements. V.U 
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27 NONMETALUC MATERIALS 

Includes physics^ chemicali and mechanical properties 
of plastics, elastomers, lubrlcantSi polymers^ textiles, 
adhesives, and ceramic materials, 


NS2-11210*jf ^Woriat Aeronautics and Space Administration. 
IjOwis Research Center, Develand, Ohio^ 

CASTABLE HIGH TEMPERATURE ERACTORY MATERIALS 
Pai«nt Application 

Isidor Zaplatynsky, inventor (to NASA) Filed 13 Oct 1981 
5 p 

(NASA-CasJ»LEW->1 3080-2; US-Patent-Appt-SN-310713) Avail; 
NTIS HC A02/MF AOl CSCL 11B 

The fabrication of chemically inert ceramic bodies that are 
both high refractory and porous is disclosed. A paste is formed 
by mixing alumina grain having a uniform particle size with colloidal 
silica that is stabilized with ammonia> Th^ paste is then cast 
without forming a compact and dried without pressing. After 
drying, the cast body was sufficient green strength to be handled, 
and it is transferred to a furnance for curing, A green body 
prepared in accordance with the invention does not undergo 
shrinkage during either curing or prolonged subsequent heating. 

NASA 


N82-11211^| National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland, Ohio. 

FABRICATION AND WEAR TEST OF A CONTINUOUS 
FIBER/PARTICULATE COfAPOSITE TOTAL SURFACE HIP 
REPLACEMENT 

Jack C. Roberts (Rensselaer Polytechnic Inst,, Troy, N Y.), Frederick 
F. Ling (Rensselaer Polytechnic Inst., Troy, N.Y,), and William R. 
Jones, Jr. 1981 29 p refs Presented at the Joint Lubrication 
Conf» New Orleans, 5-7 Oct. 1981; cosponsored by ASME and 
the Am. Soc. of Lubrication Engr. 

(Grant DAAG29-79-C-0204) 

(NASA-TM-31746; E-709) Avail: NTIS HC A03/MF AOl CSCL 
06B 

Continuous fiber woven E-glass crmppsite femoral shells 
haying the ame elastic properties as b ,rne were fabricated. The 
shells were then encrusted with filierd epoxy wear resistant 
coatings and run dry against ultrahigh molecular weight polyeth- 
ylene acetabular cups in 42,000 and 250,(00 cycle were tests 
on 6 total hip simulator. The tribological cho actenstics of these 
shells atriculating with the acetabular cups are comparable to a 
vitallium bal articulating with an ultrahigh molecular weight 
polyethylene cup. S.L, 


N82-14369*^ National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland. Ohio, 

ULTRASONIC VELOCITY FOR ESTIMATING DENSITY OF 
STRUCTURAL CERAMICS 

S. J. Klima G. K, Watson, T. P. Herbell. md T, J. Moore 1981 
12 p refs Presented at the Automotive Technol. Develop. 
Contractor Coord. Meeting, Dearborn, Mich., 26-29 Oct. 1981 
(Contract DE-A101-77CS-61040) 

(NASA-TM-82765; DOE/ NASA/51040-35; E-1026-5) Avail: 
NTIS HC A02/MF AOl CSfcLIIB 

The feasibility of using ultrasonic velocity as a measure of 
bulk density of sintered alpha silicon carbide was investigated. 
The material itudied was either in the as-sir.lered condition or 
hot isostaticc V pressed in the temperature range from I860 to 
2050 C. Densities varied from approximately 2,8 to 3,2 g cu 
cm. Results show that the bulk, nominal density of structural 
grade silicon carbide articles can be estimated from ultrasonic 
velocity meaaurornents tq within 1 percent using 20 MHz 
longitudinal waves and a commercially available ultrasonic time 
Intervalometer, The ultrasonic velocity rreasurement technique 
shows promise for screening out material with unacceptably low 
density levels, Author 


N82-1 6187*1^ National Aeronautics and Space Adrr.inittratidn. 
Lewis Research Center, Cievoiand, CntO, 

NITRIDATION OF SlUCON M B. Ttweis C«M Wa rt tm 
RMorve Unhr. 

Nancv J. Shaw Oct, 1981 113 p refs 


(NASA-TM-82722; E-921) Avail; NTIS HC A06/MF AOl CSCL 
11G 

Silicon powders wiih three levels of impurities, principally 
Fe. were sintered in He or H2, Non-denslfying mechanisms of 
material transport were dominant in all cates, ^igh purity SI 
showed coarsening in He white particle grovnh was suppressed 
in H2, lower purity powder coarsened in both He and H2, Tha 
same three Si powders and Si / I1 1/ single crystal wafers were 
nitrided in both N2 and N2/H2 atmospheres, Hydrogen Increased 
the degree of nitridstion of all three powders and tha alpha/bata 
ratio of the tower purity powder. Some Si3N4 whiskers and 
opiyi channels through the surface nitride layer ware obaarvad 
in tiVs presence of Fa, correlating with the nitridatlon'enhancing 
effects of Fe. Thermodynamic calculations showed that whan 
Si02 is present on the Si, addition of HZ to tha nitriding 
atmosphere decreases the amount of SI02 and incraaaaa tha 
partial pressure of Sl-contalnlng vapor tpaciaa, that la. Si and 
SiO, Large amounts of NH3 and SiH4 ware also predicted to 
form. RJ.F, 


Nationai Aeronautics "pace Administration, 
Lewis Research Center, Cleveland, Ohio. 

GEOMETRICAL AS?ECTII OF THE TRIBOLOGICAL PRO* 
PERTIE8 OF GRAPHITE FIBER )lEINFORCED POLYMIDE 
COMPOSITES 

Robert U Fusaro 1982 36 p refs Presented at the Ann. 

Meeting of the Am, Soc. of imbrication Engrs., Cincinnati, 
10-13 May 1982 

(NASA-TM-82757: E-1076) Avail: NTIS HC A03/MF AOl 
CSCL IID 

A latin square statistical e;^erimenial test design was used 
to evaluate the effect of temperature, load nnd sliding spaed on 
the tribological properties of graphho fiber reinforced polymide 
(GFRPl) composite specimens. Hemispherically tipped comfx>^e 
riders were slid against 440 C HT stainless steel disks, comp&isons 
were made to previous studies in which hemispherically tippad 
440 C HT stainless steel riders were slid agii^txst GFRPl composite 
disks and to studies in which GFRPl was used as a linar In 
plain spherical bearings, the results indicate that sildifig «urf^ 
geometry Is especially important, in that different geometries 
cen give completely different friction and wear results. Load, 
temperature, and sliding distance were found to influence tha 
friction and wear results but sliding speed was found to have 
little effect. Experiments on Gf RP| riders with 10 weight percent 
additions of graphite fluoride showed that this addition has no 
effect on friction and we&r, Auihor 


NB2-1S199*| National Aeronautics and Space Admirit>i«'ytSon, 
Lewis Research Center, Cleveland, Ohio. 

ELUCIDATION OF WEAR MECHANISMS BY FERRO- 
QRAPHiC ANALYSIS 

William R. Jones, Jr. 1981 18 p refs Presented at the 

Tech. Symp. on Water Glycol Hydraulic Fluids at BASF Wyandotte 
Corp,. Wyandotte, Mich., 8 Oct 1981 

(NASA-TM-82737; |;-1050) Avail: NTIS HC A02/MF AOl 
CSCL 20K 

The use of ferrographic analysis in conjunction with light 
and scanning electron mr?roscopy is described ^or the elucidation 
of wear mechanisms taking place in operating equipment. Example 
of adhesive wear, abrasive wear, corrosive wear, rolling element 
fatigue, lubricant breakdown, and other wear modes are illustrated, 
In addition, the Use of magnetic solutions to precipitate 
nonmagnetic debris from aqueous and nonaqueous fluids Is 
described. Author 


N82- 16239*/^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

TRIBOLOGICAL CHARACTERISTICS OF A COMPOSITE 
TOTAL-SURFACE HIP REPLACEMENT Final Report 
William R. Jones, Jr„ Jack C. Roberts (Rensselaer Polytechnic 
Inst.), and Frederick F. Ling (Rensselaer Polytechnic Inst.) 
Washiv.gton NASA Jan. 1982 17 p refs Presented at the 
ASME-ASLE Joint Lubrication Conf.. New Orleans, 5-7 Oct. 
1981 

(fUASA.TP-1053: E-709) Avail; NTIS HC A02/MF A01 CSCL 
11H 

Continuous fiber, woven E .glass composite femoral shells 
.haylnfl. fhe same^ elastic jgrqpertms as^ bone were fabricated. The 
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shells were then encrusted with filled epoxy wear resistant coatings 
and run dry against ultrahigh molecular weight polyethylene 
acetabular cups In 42.000 and 250,000 cycle wear tests on a 
total hip simulator. The tribological characteristics of these 
continuous fiber particulate composite femoral shells articulating 
with ultrahigh molecular weight polyethylene acetabular cups were 
comparable to those of a vltalllum ball articulating with an ultrahigh 
molecular weight polyethylene acetabular cup. Author 


N82«1 9373*1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

TRIBOLOGICAL PROPERTIES AT 25 C OP SEVEN POLYI- 
MIDE FILMS BONDED TO 440 C HfCH-TEMPERATURE 
STAINLESS STEEL 

Robert L. Fusaro Feb. 1982 23 p refs 

{MASA-TP-1944; E-758) Avail: NTIS HC A02/MF A01 CSCL 

07C 

The tribological properties of seven polyimide films applied 
to 440 C high temperature stainless steel substrates were studied 
at 25 C with a pin -on-disk type of friction and were apparatus. 
The polyimides fell into two groups according to friction and 
wear properties, Group I polyimides had slightly lower friction 
but much higher wear than group II polyimides. The vyear 
mechanism was predominately adhesion, but the wear particles 
were larger for group I polyimides. For most of the polyimides 
the transfer films consisted of clumps of compacted wear particles. 
One polyimide composition produced a very thin transfer film 
that sheared plastically ^n the contact area, Author 


N82-19374*# National Aeronautics and Space Administration. 
Lewis Research Center Cleveland, Ohio. 

SURFACE CHEMISTRY AND WEAR BEHAVIOR OF 
SINGLE-CRYSTAL SILICON CARBIDE SLIDING AGAINST 
IRON AT TEMPERATURES TO 1600 C IN VACUUM 

Kazuhisa MiyoshI and Donald H. Buckley Feb. 1982 14 p 

refs 

(NASA-TP-1947; E-654) Avail: NTIS HC A02/MF AOl CSCL 
07 C 

X-ray photoolectron and Auger electron spectroscopy analyses 
and morphological studies of wear and metal transfer were 
conducted with a single-crystal silicon carbide 0001 surface in 
contact with iron at various temperatures to 1500 C in a vacuum 
of 10 to the minus 8th power pascal. The results Indicate that 
below 800 C, carbide-carbon and silicon are primarily seen on 
the silicon carbide surface. Above 800 C the graphite increases 
rapidly with increase in temperature. The outermost surflclal layer, 
which consists mostly of graphite and little silicon at temperatures 
above 1200 C is about 2 nm thick, A thicker layer, which consists 
of a mixture of graphite, carbide, and silicon is approximately 
100 nm thick. The closer the surface sliding temperature is to 
800 C, the more the metal transfer produced. Above 8p0 C, 
there was a transfer of roue;*/, discontinuous, and thin iron debris 
instead of smooth, continuous and thin iron film which was 
observed to transfer below 800 C, Two kinds of fracture pits 
were obsen/ed on the silicon carbide surface; (1) a pit with a 
spherical asperity; and (2) muitiangular shaped pits. Author 


N82-20313*i{!l National Aeronautics ai k Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

IMPROVED BOUNDARY LUBRICATION WITH FORt^U- 
LATED C-ETHERS 

William R. Loomis 1982 25 p refs Proposed for presentation 
at the 37th Ann. Meeting of the Am. Soc. of Lubrication Engr., 
Cincinnati. 10-13 May 1982 

(NASA-TM-82808: E-1149; NAS 1.15:82808) Avail: NTIS 
HC A02/MF AOl CSCL 07C 

A comparison of five recently developed C-ether-formulated 
ffuids with an advanced fcrmulated Ml L-L-27502 candidate ester is 
described. Steady state wear and friction measurements were 
made with a sliding pin on disk friction apparatus. Conditions 
included disk vempe’atures up to 260 C, dry air test atmosphere, 
1 kilogram load. 50 rpm disk speed.^ and test times to 
130 minutes. Based on wear rates and coefficients of friction, 
three of the C-ether formulations as Well es the C-ether base 
fluid gave better boundary lubrication than the ester fluid under 
a'; test conditions. The susceptibility of C-ethers to selective 
additive treatment (phosphinic esters or acids and other 


antiwear additives) Was demonstrf.ted when two of the formula- 
tions gave somewhat Improved lubrlcatjpn over the base fluid. 
The increased operating potential for this fluid was shown in 
relationship to bulk oil temperature limits for Mlb-L-23699 and 
Ml L-L-27502 type esters. Author 


N82-20314*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

SPUTTERED SILICON NITRIDE COATINGS FOR WEAR 
PROTECTION 

Alfred Grill (Ben Gurion Univ.) and Paul R. Aron 1982 10 p 

refs Presented at the Intern. Conf. on Met. Coatings and Process 
Technol., San Diego. Calif., 4-9 Apr. 1982 
(NASA-TM-B2819; E-1143; NAS 1.15:82819) Avail; NTIS 
HC A02/MF AOl CSCL 07P 

Silicon nitride films were deposited by RF sputtering on 
304 stainless steel substrates In a planar RF sputtering apparatus. 
The sputtering was performed from a Si3N4 target in a sputtering 
atmosphere of argon and nitrogen. The rate of deposition, the 
composition of the coatings, the surface rnicrohardness and the 
adhesion df the coatings to the substrates were Investigated as 
a function of the process parameters, such as: substrate target 
distance, fraction nitrogen in the sputtering atmosphere and 
sputtering pressure. Silicon rich coating was obtained for 
fraction nitrogen below 0.2. The rate of deposition decreases 
continuously with increasing fraction nitrogen and decreasing 
sputtering pressure. It was found that the adherence of the 
coatings improves with decreasing sputtering pressure, almost 
independently of their composition Author 


N82-20316*j^ National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

INFLUENCE OF MINERAL OIL AND ADDITIVES ON 
MICROHARDNESS AND SURFACE CHEMISTRY OF 
MAGNESIUM OXIDE (OOl) SURFACE 

Kazuhisa Miyoshi. Hiroyuki Shlgaki, and Donald H. Buckley Mar. 
1982 lip refs 

(NASA-TP-1986: E-975; NAS t 60:1986) Avail: NTIS 
HC A02/MF A01 CSCLllH 

X-ray photoelectron spectroscopy analyses and hardness 
experiments were conducted with cleaved magnesium oxide 
/OOl/ surfaces. The magnesium oxide bulk crystals were cleaved 
into specimens along the /OOl/ surface, and Indentations were 
made on the cleaved surface in laboratory air. in nitrogen gas. 
or In degassed mineral oil with and without an additive while 
not exposing specimen surface to any other environment The 
various additives examined contained su^^ur, phosphorus, chlorine, 
or oleic acid. The sulfur-contaiplng additive exhibited the highest 
hardness and smallest dislocation patterns evidencing plastic 
deformation; the chlorine-containing additive exhibited the lowest 
hardness and largest dislocation patterns evidencing plastic 
deformation. Hydrocarbon and chloride (MgC(2) films formed on 
the magnesium oxide surface. A chloride film was responsible 
for the lowest measured hardness. Author 


N82-21331*ii National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

SOME PROPERTIES OF RF SPUTTERED HAFNIUM 
NtTRlDE COATINGS 

Paul R, Aron and Alfred Grill (Ben Gurion Univ. of the Negev) 
1982 12 p refs Presented at the Intern. Conf. on Met. 

Coating and Process Technol.. San Diego, Calif,, 5-8 Apr, 1981 
(NASA-TlVl-82826; E-1182; NAS 1.15:82826) Avail: NTIS 
HC A02/MF AOl CSCL IIP 

Hafnium nitride coatings were deposited by reactive RF 
sputtering from a hafnium target in nitrogen and argon gas 
mixtures. The rate of deposition, composition, electrical resistivity 
and complex index of refraction were investigated as a function 
of target substrate distance and the fraction nitrogen, (fN2) in 
the sputtering atmosphere. The relative composition of the coatings 
is independent on fN2 for vah^es above 0.1. The electric resistivity 
of the hafnium nitride films changes over 8 orders of magnitude 
when fN2 changes from 0.10 to 0.85. The index of refraction 
is almost constant at 2.8(1 -0.3i) up to fN2 = 0,40 then decreases 
to 2.1(1 - 0,011) for higher values of fN2. S.L 

ORIQIMAL PME IS 
OF POOR QUALSTY 


67 


N62-21 332*1 National Aeronautics and Space Administration. 
Lewis Research Center* Cleveland, Ohio. 

THERMAL AND OXIDATIVE DEGRADATION STUDIES Of 
FORMULATED C-ETHER8 BY OEL-PERMEATION CHROMA- 
TOGRAPHY 

William R, Jones, Jr. and Wilfredo Morales Mar, 1982 14 p 
refs 

(NASA-TP-1994; NAS 1.60:1994; E-978) Avail: NTIS 
riC A02/MF A01 CSCL 070 

Gel-permeation chromatography was used to analyze C-ether 
lubricant formulations from high-temperature bearing tests and 
from micro-oxidation tests. Three mu-styragel columns (one 
500 and two 100 A) and a tetrahydrofuran mobile phase were 
found to adequately separate the C-ether degradation products. 
The micro-oxidation tests yielded degradation resuhs qualita- 
tively similar to those observed from the bearing tests. Micro- 
oxidation tests conducted in air yielded more degradation than 
did tests in nitrogen. No great differences were observed between 
the thermal-oxidative stabilities of the two C-ether formulations 
or between the catalytic degradation activities of silver and 
M-SO steel. C-ether formulation I did yield more degradation 
than did formulation II in 111- and 25-hour bearing tests, 
respectively. Author 


N82-22366*/(l National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio, 

EFFECTS OF ENVIRONMENT ON MICROHARDNESS OF 
MAGNESIUM OXIDE 

Hiroyuki Ishigaki (Osaka Univ.) and Donald H. Buckley Apr, 
1982 11 p refs 

(NASA-TP-2002; E-916; NAS 1,60:2002) Avail: NTIS 
HC A02/MF A01 CSCL 1 1B 

Micro-Vickers hardness measurements of magnesium oxide 
single crystals were conducted in various environments. These 
environments Included air, nitrogen gas, water, mineral oil with 
or without various additives, and aqueous solutions with various 
pH values. Indantailons were made on the (100) plane with the 
diagonals Cf the indentation in the (100) direction. The results 
indicate that a sulfur containing additve In mineral oil increased 
hardness, a chlorine containing additive in mineral oil decreased 
hardness, and aqueous solutions of hydrogen chloride decreased 
hardness. Other environments were found to have little effect 
on hardness. Mechanically polished surfaces showed larger 
Indentation creep than did as-cleaved surfaces. Author 


NB2-24342*# National Aeronautics and Space Administration. 
Lewis Research Center, Geveland, Ohio. 

PMR POLYIMIDES-REVIEW AND UPDATE 

Tito T, Serafini, Peter Delvigs, and William B. Alston 1982 

19 p refs Presented at the 27th Natl- Symp. and 

Exhibition, San Diego, Calif., 4-6 May 1982 

(NASA-TM-82821; E-1111: NAS 1.15:82821: 

AVRADCOM-TR-82-C-3) Avail: NTIS HC A02/MF A01 CSCL 

11G 

Fiber reinforced PMR pvviyimides are finding increased 
acceptance as engineering materials for high performance 
structural applications. Prepreg materials based on this novel 
class of highly processable, high temperature resistant polyimides 
are commercially available and the PMR concept is used by 
other investigators. The current status of first and second 
generation PMR polyimides were reviewed. Emphasis is given 
to the chemistry, processing and applications of the first generation 
material known as PMR-15. T.M, 


N82-24343*! National Aeronautics and Space Administration. 
Lewis Research Center, CieVelar^d, Ohio, 

TRIBOLOGICAL PROPERTIES OF SINTERED POLYCRYS- 
TALLINE AND SINGLE CRYSTAL SILICON CARBIDE 

Kazuhisa MIyoshi, Donald H. Buckley, rmd M. Srinivasan 
(Carborundum) 1982 28 p refs Presented at the 84th Ann. 
Meeting of the Am. Ceram, Soc., Cincinnati, 2-5 May 1982 
(NASA-TM-82829; E-1194: NAS 1.15:82829) Avail: NTIS 
He A03/MF A01 CSCL V1G 

Tribological studies and X-ray photoelectron spectroscopy 
analyses were conducted with sintered polycrystalline and single 
crystal silicon carbide surfaces in sliding contact with iron at 
various temperatures to 1500 C in a vacuum of 30 nPa. The 
results indicate that there is a significant temperature influence 
on both the friction properties and the surface chemistry of 


silicon carbide, the main contaminants on the as received simoreJ 
polycrystalline silicon carbide surfaces are adsorbed carbo 
oxygen, graphite, and silicon dioxide. The surface :evu4 
low coefficient of friction. This Is due to the presence of the 
graphite on the surface. At temperatures of 400 to 600 C graphite 
and copious amount of silicon dioxide were observed on the 
polycrystalHne silieo w; Nde surface in addition to silicon carbide. 
At 800 C, the a(\ ‘ the silicon dioxide decreased rapidly 

and the silicon carbiui silicon and carbon peaks were at a 
maximum Intensity in the X? 5 spectra. The coefficients of friction 
were high in the temperature range 400 to 800 C. Small amounts 
of carbon and oxygen contaminants were observed on the as 
received single crystal silicon carbide surface below 250 C, Silicon 
carbide type silicon and carbon peaks were seen on the silicon 
carbide in addition to very small amount of graphite and silicon 
dioxide at temperatures of 450 to 800 C. S.L. 


N82-26468*|jf National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THERMAL OXIDATIVE DEGRADATION REACTIONS OF 
LINEAR ?ERFLUOROALKY LETHERS 
William R. Jones, Jr„ K, J. L Paciorek (Ultrasystems, Inc., Irvine, 
Calif.), T. 1, Ito (Ultrasystems, Inc., Irvine, Calif.), and R. H. Kratzer 
(Ultrasystems, Inc., Irvine, Calif.) 1982 24 p refs Presented 
at the Am. Fluoropolymers Symp., Las Vegas, Nevada, 29 
Mar. - 2 Apr. 1982: sponsored by the Am. Chem. Soc. 
(NASA-TM-82834: E-1200; NAS 1.16:82834) Avail: NTIS 
HC A02/MF A01 CSCL 07C 

Thermal and thermal oxidative stability ^jtudies were performed 
on linear perfluoro alkyl other fluids. The effect on degradation 
by metal catalysts and degradation inhibitors are reported, The 
liner perfluoro alkylethers are inherently unstable at 316 C in 
an oxidizing atmosphere. The metal catalysts greatly increased 
the rate of degradation in oxidizing atmospheres. In the presence 
of these metals in an oxidizing atmosphere, the degradation 
inhibitors were highly effective in arresting degradation at 288 
C. However, the inhibitors had Only limited effectiveness fit 316 
C, The metals promote degradation by chain scission. Based on 
elemental analysis and oxygen consumption data, the linear 
perfluoro alkylether fluids have a structural arrangement based 
on diflucroformyl and tetrafluoroethyiene oxide units, with the 
former predominating. S,L. 


N82-28440* National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

TEXTURING POLYMER SURFACES BY TRANSFER CAST- 
ING Patent 

Bruce A. Banks, Albert J. Weigand, and James S Sovey, Inventors 
(to NASA) Issued 11 May 1982 4 p Filed 19 Dec. 1980 
Supersedes N8M6327 (19 - 07, p 899) 

( NASA-Case- LEW- 1 3120-1: U S-Patent-4,329.385; 
US-Patent-Appj-SN-218587; US-Patent-aass-428-141 : 

US- Patent-Class-204- 192E; U S-Patent-Class-204- 192EC; 
US-Patent-Class-264-22; US-Pateni-Class-264-220) Avail: US 
Patent and Trademark Office CSCL 11G 

A technique for fabricating textured surfaces on polymers 
without altering their surface chemistries is described. A surface 
of a fluorocarbon polymer is exposed to a beam of ions to 
texture it. The polymer which is to be surface-roughened is then 
cast over the textured surface of the fluorocarbon polymer. After 
curing, the cast polymer is peeled off the textured fluorocarbon 
polymer, and the peeled off surface has negative replica of the 
textured surface. The microscopic surface texture provides large 
surface areas for adhesive bonding. In cardiovascular prosthesis 
applications the surfaces are relied on for the development of a 
thin adherent well nourished thrombus. 

Official Gazette of the U.S. Patent and Trademark Office 


N82-28441* National Aeronautics and Space Administietion. 
Lewis Research Center, Cleveland, Ohio. 

METHOD OF PROTECTING A SURFACE WITH A 5ILIC0N- 
SLURRY/ALUMINIDE COATING Patent 
Daniel L, Deadmore and Stanley G. Young, inventors (to NASA) 
Issued 12 Jan. 1982 6 p Filed 20 Jun. 1980 Supersedes 

N80-26389 (18 - 17, p 2237) 

(NASA-Case-LEW-1 3343-1 ; US-Patent-4,31 0.574; 
US-Patent-Appl-SN-1 61 254; US-Patent-Class-427-405: 
US-Patent-Class-427-205: US-Patent-Class-427-253: 
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US-Patent-Class*428^938: US*Patent-C(ass«428*941) Avail: US 
Patent and Trademark Office CSCL 11G 

A low cost coating for protecting metallic base system 
substrates from high temperatures, high gas velocity oxidation, 
thermal fatigue and hot corrosion is described. The coating Is 
particularly useful for protecting vanes and blades in aircraft 
and land based gas turbine engines. A lacquer slurry comprising 
cellulose nitrate containing high purity silicon powder is sprayed 
onto the superalloy substrates. The silicon layer is then aluminized 
to complete the coating. The St*AI coating is less costly to 
produce than advanced aluminldes and protects the substrate 
from oxidation and thermal fatigue for a much longer period of 
time than the conventional aluminide coatings. While more 
expensive Pt-AI coatings d physical vapor deposited MCrAlY 
coatings may last longei r > provide equal protection on certain 
substrates, the Si*AI coating exceeded the performance of both 
types of coatings on certain superalloys In high gas velocity 
oxidation and thermal fatigue. Also, the Si>Ar coating increased 
the resistance of certain superalloys to hot corrosion. 

Official Gazette of the Patent and^ Trademark Offi?.e 


N82-28445*/jl National Aeronautics and Space Administration, 
lewis Research Center. Cleveland. Ohio. 

ION BEAM SPUTTER DEPOSITED DIAMOND LIKE FILMS 
Bruce A Banks and Sharon K. Rutledge 1982 18 p refs 

Presented at Meeting of the Greater New York Chapter of the 
Am. Vacuum Soc,, Yorktown Heights. N.Y.. 2 Jun. 1 982 
(NASA-TM-82873; E^1249; NAS 1.15:82875) Avail: NTIS 
HC A02/MF AOr CSCl llG 

A single argon ion beam source was used to sputter deposit 
carbon films on fused silica, copper, and tantalum substrates 
under conditions of sputter deposition alone and sputter deposition 
combined with simultaneous argon ion bombardment. Simulta- 
neously deposited and ion bombarded carbon films were prepared 
under conditions of carbon atom removal to arival ratios of 0. 
0.036. and 0.71. Deposition and etch rates were mecsured for 
films on fused silica substrates. Resulting characteristics of the 
deposited films are: electrical resistivity of densities of 2.1 gm/cu 
cm for sputter deposited films and 2.2 gm/cu cm for simultaneous- 
ly sputter deposited and Ar ion bombarded films. For films 
approximately 1700 A thick deposited by either process and at 
5550 A wavelength light the reflectance was 0.2, the absorptance 
was 0.7. th,g absorption coefficient was 67.000 cm to the -1 
and the transmittance was 0.1 Author 


N82-29453* National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

FULLY PLASMA-SPRAYED COMPLIANT BACKED CERAM- 
IC TURBINE SEAL Patent 

Robert C. Bill and Donald W. Wisander, inventors (to NASA) 
Issued 22 Jun. 1982 4 p Filed 30 Mar. 1980 Supersedes 

N80-24619 (18 • 15. p 1985) 

(NASA-Case-LEW-1 3268-1; US-Patent-4.336.276; 
US-Patent-Appl-SN^ 145209: US-Patent-Class-427-34: 
US-Patent-Class-415-174; US-Patent-Class-427-423) Avail: US 
Patent and Trademark Office CSCL 1 1 A 

A seal having a high temperature abradable lining material 
encircling the tips of turbine blades in turbomachinery is discussed, 
The minimum operating clearances between the blade tips and 
the lining of a high pressure turbine are maintained. A low 
temperature easily decomposable material, such as a polymer, 
in powder form is blended with a high temperature oxidation 
resistant metal powder. The two materials are simultaneously 
deposited on a substrate formed by the turbine casing. Alternately, 
the polymer powder may be added to the metal powder during 
plasma spraying. A ceramic layer is then deposited directly onto 
the metal polymer composite. The polymer additive mixed with 
the metr’ is then completely volatilized to provide a porous 
layer between the ceramic layer and the substrate. 

Official Gazette of the U.S, Patent and Trademark Office 


N82-29468*|jl National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

BOUNDARY LUBRICATION: REVISITED 

William R. Jones. Jr. 1982 33 p refs Presented at Meeting 

of the Am, Soc, of Lubrication Engr„ Independence, Ohio. 9 Mar. 

1982 

(NASA-TM-82858: E-1181: NAS 1.15:82858} Avail; NTIS 
HC A03/MF A01 CSCL 11G 


A review of the various lubrication regimes, with particular, 
emphasis on boundary lubricatidri. is presented. The types of 
wear debris and extent of surface damage Is illustrated for each 
regime. The role of bouhda^ surface films along with their modes 
of formation and important physical properties are discussed. In 
addition, the effects of yaripus operating parameters on friction 
and wear fn the boundary lubricatjpn regime are considered. 

Author 


N62-29459*! National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

TRIBOLOGICAL EVALUATION OF COMPOSITE MATERIALS 
MADE FROM A PARTIALLY FLUORINATED POLYIMIDE 
Robert U Fusaro Apr. 1982 40 p refs 
(NASA.TM-82832; E-1199; NAS 1.15:82832) Avail; NTIS 
HC A03/MF AOl CSCL 116 

Preliminary tribological studies on a new pblyimide formulated 
from the diamine 2.2-bis [4-(4*aminophenoxy) phenyl] hexafluor- 
opane (4-6 DAF) Indicates polylmides made from this diamine 
have excellent potential for high temperature applications. Two 
different polylmides were formulated from the diamine, and five 
different composites were formulated using one of the potyimides. 
Composites were made using 10 weight percent (w/o) graphite 
fluoride powder, 20 w/o PIPE powder. 30 w/o silver powder, 
or 50 w/o carbon fibers, both graphitic and nongraphltic types. 
The powder additions did not improve the tribological properties 
as much as the carbon fibers, and the graphitic fibers produced 
better results than did the nongraphltic fibers. Results also 
indicated that improved high temperature stability and tribologi- 
cal properties may be obtained with a polyimide made from the 
dianhydride pyromeKItIc acid (PMDA) rather than the dIanhydride 
benzophenonatetracarboxylic acid (6TDA). Author 


N82-3B401*,^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

DEPOSITION OF REACTIVELY ION BEAM SPUTTEREO 
SILICON NITRIDE COATINGS 

A. Grill (Ben Gurion Univ. of the Negev) Aug. 1962 11 p 

refs 

(NASA-TM-82942; E-1310; NAS 1.15:82942) Avail; NTIS 
HCA02/MFAP1 CSCL11D 

An Ion beam source was used to deposit silicon nitride 
films by reactively .sputtering a silicon target with beams of Ar 
-h N2 mixtures. The nitrogen fraction in the sputtering gas was 
0.06 to 0.80 at a total pressure of 6 to 2 millionth tbrr. The 
Ion beam current was 50 mA at 500 V. The composition of 
the deposited films was investigated by auger electron spectros- 
copy and the rate of deposition was determined by interferometry, 
A relatively low rate of deposition of about 2 nm. one-tenth 
min. was found. AES spectra of films obtained with nitrogen 
fractions higher than 0.50 were consistent with a silicon to 
nitrogen ratio corresponding to Si3N4. However the AES spectra 
also indicated that the sputtered silicon nitride films were 
contaminated with oxygen and carbon and contained significant 
amounts of iron., nickel, and chromium, most probably sputtered 
from the holder of the substrate and target. S.L. 


N82-32491*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

OCCURRENCE OF SPHiRlCAL CERAMIC DEBRIS m INDENTA- 
TION AND SLIDING CONTACT 

Kazuhlsa MiyoshI and Donald H. Buckley Aug. 1982 21 p refs 
(NASA-TP-2048; E-1072; NAS 1.60:2048) Avail: NTIS 

HC A02/MF AOl CSCL 11G 

Indenting experiments were conducted with the silicon carbide 
(0001) surface In contact y/jth a spherical diamond indenter in air. 
Sliding friction experiments were also conducted with silicon carbide 
In contact with iron and iron-based binary alloys at room tempera- 
ture and 800 C. Fracture pits with a spherical particle and spherical 
wear debris were observed as a result of Indenting and sliding, 
Spherical debris may be produced by a mechanism that Involves 
a spherical-shaped fracture along the circular or sphericaj. stress 
trajectories under the InelfiStjc deformation zone. Author 
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N92-33521 * National Aeronautics and Space Administration. Lewis 
Research Center, Cleveland, Ohio. 

SURFACE TEXTURING OF FLUOROPOLYMERS Patent 
Bruce A. Banks, Michael J. Mirtich, and James S. Sovey, inventors 
(to NASA) Issued 17 Aug. 1982 5 p Filed 19 Dec. 1980 
(NASA-Case-LEW-1 3028-1; US-Patent-4,344,996; 
US-Patent-Appl-SN-218588; US-Patent-Class-4£'8-141; 
US-Patent-Cla88-204-38B: US-Patent-Class-204-1 92E; 
US-Patent-Ciass-204-192EC) Avail: US Patent and Trademark 
Office CSCL11G 

A method is disclosed for Improving surface texture for adhesive 
bonding, metal bonding, substrate plating, decal substrate prepara- 
tion, end biomedicat implant applications. The surface to be bonded 
is dusted in a controlled fashion to produce a disbursed layer of 
fine mesh particles which serve as masks. The surface texture is 
produced by Impinging gas ions on the masked surface. The 
textured surface takes the form of pillars or cones. The bonding 
material, such as a liquid epoxy, flows between the pillars which 
results In a bond having increased strength, For bonding metals a 
thin film of metal is vapor or sputter deposited onto the textured 
surface. Electroplating or electroless plating is then used to 
increase the metai thickness in the desired amount. 

Official Gazette of the U.S. Patent and Trademark Office 


N82-33522*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

OVERLAY METALLIC-CERMET ALLOY COATING SYSTEMS 
Patant Application 

Michael A. Gedwill, Stanley R. Levine, and Thomas K. Glasgow, 
Inventors (to NASA) Filed 30 Jul. 1982 11 p 
(NASA-Case-LEW-1 3639-1 ; US-Patent-Appl-SN-403378) Avail: 
NTIS HC A02/MF A01 CSCL 11G 

A substrate, such as as a turbine blade, vane, or the like, 
which is subjected to high temperature use Is coated with a base 
coating of an oxide dispersed, metallic alloy (cermet). A top coating 
of an oxidation, hot corrosion, erosion resistant alloy of nickel, 
cobalt, or iron is then deposited on the base coating. A heat 
treatment is used to improve the bonding. The base coating serves 
as an inhibitor to interdiffusion between the protective 10 top 
coatir:ig and the substrate. Otherwise, the protective top coating 
would rapidly interact detrimentally with the substrate and de- 
grade by spalling of the protective oxides formed on the outer 
surface at elevated temperatures. NASA 


A82-21699 ^ The effect of oxyaen concentration on the 

boundary-lubri eating characteristics of a C ether and a polyphenyl 
ether to 300 C. W, R, Jones, Jr. (NASA, Lewis Research Center, 
Cleveland, OH), t^ear, vol. 73, Nov. 16, 1981, p. 123-136. 26 refs. 

Ball-on-disk sliding friction experiments were carried out at 17 
m/min (100 rev/min) to investigate the effect of oxygen concentra- 
tion varying from 20% (air) to 0.001% (nitrogen) on the boundary- 
lubricating characteristics of an unformulated C ether in the 
temperature range 20-300 C. Results were then compared with those 
obtained for a five-ring polyphenylether in air and in nitrogen. The C 
ethor yielded lower wear and lower friction coefficients than a 
five-ring polyphenylether in both air and nitrogen over most of the 
temperature range. Friction polymer was observed around the wear 
scars of most test specimens, with much greater quantities of friction 
polymer produced in a low-oxygen environment. Thus, with respect 
to friction polymer production, the C ether behaved very much like 
the polyphenylether. V.L. 


A82-30021 * Dynamics of solid dispersions In oil during the 

lubrication of point contacts. II • Molybdenum disulfide. C. Cusano 
(Illinois, University, Urbana, IL) and H. E. Sliney (NASA. Lewis 
Research Center, Cleveland, OH), f American Society of Lubrication 
Engineers, Annual Mating, 36th, Pittsburgh, PA f May 11-14, 1981,) 
ASLB Transactions, vol. 25, Apr. 1982, p. 190197. 18 refs. 
(Previously announced in STAR as N81-20275) 


A62-41552 * Ph«t« stability In plaama-aprayad, partially atabilizad 
zirconla-yttrla. R. A* Miller, J. L Smialek, and R. G. Garirck (NASA, Lewis 
Research Center, Clevelano, OH), in: Science and technology of zirconia. Colum- 
bus, OH, American Ceramic Society. Inc., (Advances fn Ceramics. Volume 3) 
1081, p. 241-253. 13 refs. 


A82-42366 * Effects of heating rate on density, microstructure, and 
strength of SI3N4-S wt.% Y203 and a beta-prime sialon. S. S. Campbell and 
S. Dutta (NASA, Lewis Research Center, Materials Div., Cleveland, OH). (Ameri- 
can Ceramic Society, Annual Meeting, 83rd, Washington, DC, May 3, 1981 ^ Paper 
42-B-81,) American Ceramic Society Bulletin, uoi 61, Aug, 1982, p, 854-856, 7 
refs. 

The effects of the healing rate during slnterlng/firjng on the final density, mi- 
crostructure, and strength of SI3N4-6 wt% Y203 and beta-prime sialon, sintered 
for four hours at 1750 C, are examined. In SI3N4-6 wt% Y203 increasing the 
heating rate from 7 C/min to 25 C/min to 90 C/min results In a corresponding 
decrease In the final density from 3.01 g/cu cm to 2.92 g/cu cm to 2.76 g/cu cm. 
in the beta-prime slajon composition all three heating rates produce an equivalent 
final density of 3.13 g/cu cm. All heating rates in both compositions produce 
nonhomogeneous microstructures. The room-temperature strength of SI3N4-6 
wt% Y203 Increases from 372 to 510 MPa with Increased density, while the 
corresponding strengths for the betaprlme siaion at equivalent densities are 345 
to 445 MPa. N.B. 


A82-42924 * The combined effects of Fe and H2 on the nitridation of 
silicon. N J. Shaw (NASA, Lewis Research CetUer, Cleveland, OH). Journal of 
Materials Science Letters, vol. 1, Aug. 1982, p. 337-340. 13 refs. 

In view of the support offered by previous work for the suggestion that Fe may 
affect aipha-Si3N4 formation and micrpstructural development, a two-part study 
was conducted to differentiate the effects of H2 and Fe in, first, the nitridation of 
pure and of Fe-contalnlng powder in N2 and N2-4% H2, and then the nitridation 
of (1 1 1) Si single crystal wafers with and without Fe powder on the surface, The 
degree of nitridation (s most strongly affected by H2 at 1200 C, but by Fe at 1 375 
C, where Fe-contalning samples In either atmosphere were almost completely 
nitrlded. While neither H2 nor Fe alone changed the ratio of alpha-SI3N4 to 
beta-Si3N4, the combination of H2 and Fe increased it at both temperatures. 

O.C. 


N82-17367*/f TRW Defense and Space Systems Group, Redondo 
Beach, Calif. 

IMPROVED TACK PMR 

R. A. Buyny Oct, 1981 108 p refs 
(Contract NAS3-22026) 

(NASA-CR-165432: TRW-36805-6016-UT-00) Avail: NTlS 
HC A06/MF A01 CSCL 07C 

One reactive diluent and several high boiling solvents were 
investigated for providing long shelf life tack and drape to PMR 
polyimide prepreg materials. The most promising approach was 
to introduce dimethoxy ethyl ether (diglyme) to the normal 
methanol solvent, Compression and autoclave molding cycles 
were developed for the improved tack prepreg which provided 
up to 1 5% higher thermomechanical properties than conventional 
PMR- 15 composites. Near the conclusion of this investigation, 
it was discovered that diglyme constituted a potential hazard 
because Its auto ignition temperature is 464 K. Consequently, i« 
was recommended that diglyme should not be used as a tackifier 
for PMR prepregs. Author 


A82-18432 * # Some observations in high pressure rheology 
of lubricants. S. Bair and W. 0. Winer (Georgia Institute of 
Technology, Atlanta, GA). American Society of Mechanical Engi- 
neers and American Society of Lubrication Engineers^ Joint Lubrica- 
tion Conference, New Orleans, LA, Oct 5-7, 1981, ASME Paper 
81-Lub-17. B p, 15 refs. Members, $2,00; nonmembers, $4.00. Grant 
No.NsG-3106. 

Experimental data are presented on viscosity, elastic shear 
modulus, and limiting shear stress of 12 liquid lubricants. It is shown 
that transition histories do affect the limiting shear stress of the 
materials in the form of isothermal compression resulting in a lower 
density and lower limiting stress than isobafic cooling, the measured 
limiting shear stress agrees with EHD traction data at sllde-to-roll 
ratios of 0.1 or more. In pressure viscosity measurements of the 
polymer solutions, it Is found that for some temperatures, the 
pressure viscosity coefficient of the blend is slightly less than that of 
the base, which results jn the crossing of the viscosity-pressure 
isotherms at high pressures. D.L.G. 
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A82*20143 ^ Strength distributions of SiC ceramics after 

oxidation and oxidation under load, E. Easier, R. C, Bradt, and R. 
E. Tressler (Pennsylvania State University, University Park, PA). 
(Amer/can Ceramic Society, Annuat Conference, 4th, Cocoa Beach, 
FL, Jan, 20, 1980, Paper 9-C-80C,} American Ceramic Society, 
Journal, vol. 64, Dec. 1981, p. 731-734, 22 refs. Army-supported 
research; Grant No. NsG-301 6, 

The room-temperature strength distributions of a sintered and a 
hot-pressed SIC were examined as-machlned, after oxidation atT370 
C, and after oxidation under toad at 1370 C, The strengths were 
observed to be dependent on both the duration of oxidation and the 
magnitude of the applied load. Processes resulting in both strengthen- 
ing and weakening behavior were observed to occur, at times 
simultaneously within the same strength distribution. This dynamic 
situation Indicates that the strength-oontrolling flaw populations are 
highly transient in nature. (Author) 


A82-20741 * H Analytical and experimental evaluation of 
biaxial contact stress. D. W, RIcherson, D. G. Finger, and J. M. 
Wimmer (Garrett Turbine Engine Co., Phoenix, AZ), International 
Symposium on Fracture Mechanics of Ceramics, Pennsylvania State 
University, University Park, PA, July 15-17, 1981, Paper, 22 p. 25 
refs. Research supported by the U.S. Department of Energy; 
Contracts No, N00014.78-C-0547; No. DEN3-167. 

Contact stress analysis was conducted for ceramic-metal and 
ceramic-ceramic interfaces using a finite element model. Ceramics 
investigated included NC-132 hot-pressed silicon nitride, NC-350 
reaction-bonded silicon nitride, Hexaloy SA SiC, and RBN104 
reaction-bonded silicon nitride. The results are shown to be well 
correlated with closed-form solution both for normal and normal- 
tangential loading. The latter load condition is found to be especially 
critical for ceramic materials due to the presence of a high tensile 
stress at the trailing edge of the ceramic surface contact zone. It is 
shown that during sliding contact or biaxial loading, the magnitude 
of this tensile stress Increases with the coefficient of friction. V, U 


A62-35064 * # Progress in ceramic component fabrication tech- 
nology. R. S. Storm and R. W. Lashway (Carborundum Resistant Materials Co.. 
Niagara Falls, NY) AIAA, SAE, and ASME, Joint Propulsion Conference. 18th, 
Cleveland, OH. June 21-23, 1982, AIAA Paper 82-1211. 6 p. Contracts No. 
DEN3-17; No. DEN3-168; No. DEN3-167, 

Net shape techniques have been used in the production of rotating and static 
vehicular engine high-temperature components composed of sintered Alpha-SIC 
(S ASC). Inlection-moided rotors have been cold spin tested, as well as a slip-cast 
combustor assembly hot rig. SASC pistons and cylinder liners have also been 
constructed for an opposed piston, two-cycle diesel test rig while test results are 
presented. An uncooled, minimum-friction internal combustion engine with multi- 
fuel capability due to its elevated combustion temperatures appears to be achiev- 
able in the near term by means of SASC techniques. The flexural strength of 
SASC at 1500 C is 446 MPa, identical to that at room temperature, and excellent 
strength retention has been demonstrated after 3500 hours of cyclic exposure. 

O.C. 


A82-35083 * # Characterization of advanced electric propulsion sys- 
tems. P.K. Ray (Tuskegee institute, Tuskegee, AL). AIAA, SAE, and ASME, Joint 
Propulsion Conference, 18th, Cleveland, OH, June 21-23, 1982, AIAA Paper 
82-1246. 11 p. 7 refs. Grant No. NAG3-76. 

Characteristic parameters of several advanced electric propulsion systems are 
evaluated and compared. The propulsion systems studied are mass driver, rail 
gun, argon MPD thruster, hydrogen free radical thruster and mercury electron 
bombardment ion engine. Overall, Ion engines have somewhat better character- 
istics as compared to the other electric propulsion systems. (Author) 


A82-35403 * # Net shape fabrication of Alpha Silicon Carbide turbine 
components. R. S. Storm (Carborundum Co., Niagara Fads, NY). American 
Society of Mechanical Engineers, International Gas Turbine Conference and 
Exhibit, 27th, London, England, Apr. 18-22, 1982, Paper 82-GT-21 6 . 16 p. 5 refs. 
Members. $2.00; nonmembers. $4.00. Research supported by the U.S. Depart- 
ment of Energy; Contracts No nPi\)3-i7; No. DEN3-167; No. DEN3-168, 
Developm'ent of Alpha Silicon Carbide components by net shape fabrication 
techniques has continued in conjunction with several turbine engine programs, 
Progress In injection molding of simple parts has been extended to much larger 
components, Turbine rotors fabricated by a one piece molding have been suc- 
cessfully spin tested above design speeds. Static components weighing up to 4.5 


kg and 33 cc In diameter have also been produced using this techfuque. Use of 
sintering fixtures significantly Improves dimensional control. A new Si-SiC com- 
posite material has also been developed with average strengths up to 1000 MPa 
(150ksl)at1200C. (Author) 


A82-35431 * # Fabrication of turbine components and properties of 
sintered silicon nitride. J.T. Neil, K. W. French, C. L. Quackenbush, and J. T* 
Smith (GTE Laboratories, Waltham, MA). American Society of Mechanical Engi- 
neers, International Gas Turbine Conference and Exhibit, 27th, London, England, 
Apr. 16-22, 1982, Paper 82-GT-2S2. 6 p. Members, $2.00; nonmembers, $4.00. 
Research supported by the U.S. Department of Energy and General Motors 
Corp.; Contract No. DEN3-1 7. 

This paper presents a status report on the Injection molding of sinterable silicon 
nitride at GTE Laboratories, The effort involves fabrication of single axial turbine 
blades and monolKhic radial turbine rotors. The injection molding process is 
reviewed and the fabrication of the turbine components discussed. Oxidation 
resistance and strength results of current Injection molded sintered silicon nitride 
as well as dimensional checks on sintered turbine blades demonstrate that this 
material is a viable candidate for high temperature structural applications. 

(Author) 


A82-35441 * # Ceramic thermal barrier coatings for gas turbine en- 
gines. R. J. Bratton, S. K. Lau, C. A. Andersson, and S, Y. Lee (Westinghouso 
Research and Development Center, Pittsburgh, PA). American Society of Me- 
chanical Engineers, International Gas Turbine Conference and Exhibit, 27th, Lon- 
don, England, Apr. 18-22, 1982, Paper 62-GT-265 . 4 p. 15 reys. Members, $2,00; 
nonmenibers, $4.00. Research supported by the Electric Power Research Insti- 
tute and U.S. Department of Energy; Contracts No, NAS3-21377; No. DEN3-1 10. 

The results of studies concerning the high temperature corrosion resistance of 
Zr02-Y203, 2r02-MgO, and Ca2Si04 plasma-sprayed coatings, which may be 
used as gas turbine engine thermal barriers, are reported. The coatings were 
evaluated in atmospheric burner rig and pressurized passage tests, using GT No. 
2 fuel In pure form and with sodium, sulfur and vanadium corrosive impurities 
doping. It Is found that, while the coatings performed well in both pressurized 
passage and burner rig tests with pure fuel chemical reactions between the 
ceramic coatings and combustion gases/condensates resulted in coating degra- 
dation with Impure fuels. Chemical reactions between the ceramic coatings and 
vanadium compounds played a critical role in coating degradation. O.C. 


A82-3S871 * Effects of oxidation and oxidation under toad on 
strength distributions of S13N4. T, E. Easier, R. C. Bradt, and R. E. Tressler 
(Pennsylvania State University, University Park, PA), (American Ceramic So- 
ciety, Annual Meeting. 82nd, Chicago, IL, Apr. 29, 1980, Paper 69-B-80.) Ameri- 
can Ceramic^ Society, Journal, voi 65, June 1982, p. 317-320. 18 refs. 
Army-supported research: Grant No. NsG-3016. 

The room-temperature strength distributions of a sintered and a hot-pressed 
SI3N4 were examined in the as-machined condition, after oxidation at 1370 C and 
after oxidation under load at 1370 C. The strength-controlling flaw populations 
were highly transient \h nature. Both the duration of oxidation and the magnitude 
of the applied load were observed to effect changes In strength, This dynamic 
situation is related to both strengthening and weakening processes, which at 
times may occur simultaneously In the same strength distribution. (Author) 


A82-37015 * Fabrication of sinterable silicon nitride by injection 
molding. C, L, Quackenbush, K. French, and J. T. Neil (GTE Laboratories, Inc., 
Waltham, M A). (American Ceramic Society, Topical Meeting on Nonoxide 
Ceramics, Bass River, MA, Oct 5, 6, 1981.) Ceramic Engineering and Science 
Proceedings, vol. 3, Jan, -Feb, 1982, p, 20-34. 8 refs. Research supported by the 
U.S. Department of Energy; Contract No. DEN3- 17. 

Transformation of structural ceramics from the laboratory to production re- 
quires development of near net shape fabrication techniques which minimize 
finish grinding. One potential technique for producing large quantities of complex- 
shaped parts at a low cost, and microstructure of sintered silicon nitride fab- 
ricated by injection molding Is discussed and compared to data generated from 
Isostatically dry-pressed material. Binder selection methodology, compounding 
of ceramic and binder components, injection molding techniques, and problems 
in binder removal are discussed. Strength, oxidation resistance, and microstruc- 
ture of sintered silicon nitride fabricated by injection molding Is discussed apd 
compared to data generated from isostatically dry-pressed material. (Author) 
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28 PROPELLANTS AND FUELS 

Includes rocket propellants, Igniters, and oxidizers, storage 
and handling; and aircraft fuels. 

For related Information see also 07 Aircraft Propulsion 
and Power, 20 Spacecraft Propulsion and Power, and 44 
Energy Production and Conversion. 


National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

RESONANCE TUBE HAZARDS IN OXYGEN SYSTEMS 
Ph.D. Thetis - Toledo Univ.. 1976 

Bert R. Phillips 1982 25 p refs Presented at Symp. on 

ptarnmability and Sensitivity o1 Mater, in Oxygen Enriched 
Atmosphere. Phoenix. Ariz.. 31 Mar. • 1 Apr. 1982; sponsored 
by the Am. Soc. for Testing ond Mater. 
lNASA-TM-82801: E-1140; NAS 1.15;82801| Avail: NTIS 
HC A02/MF AOl CSCL 21 D’ 

An experimental and analytical program was carried out to 
determine whether fluid dynamic oscillations could create a hazard 
In gaseous oxygen flow systems. The particular fluid dynamic 
oscillation studied was the resonance tube phenomena as it 
was excited in a tee-shaped configuration . characteristic of 
configurations found in many industrial high pressure g^s flow 
systems, The types of hazards that could be caused by the 
oscillations were direct heating and ignition of the piping system 
bv* the gas. the greatly augmented heating that could occur if 
inert contaminants were present, and the Ignition of metallic 
contaminants. Asbestos was used as the inert contaminant: 
titanium, aluminum, magnesium and steel were chosen as ignitable 
metallic contaminants. The oscillations in the tee-shaped 
configuration were compared to oscillations driven by choked 
convergent nozzles and were found to differ markedly. Temperature 
generated at the end cr base of the resonance tube exceeded 
1089 K for both gaseous oxygen and nitrogen and reached 
1645 K when asbestos was added. Aluminum in both powder 
and fiber form was readily ignited within the resonance tube 
when the supply pressures were less than 8270 kPa whereas 
at higher supply pressures the mixture exploded with enough 
violence to destory the apparatus in less than 10 sec. In addition 
to aluminum, magnesium, and titanium, samples of 400 series 
st?i:;;ess steels were also ignited within the resonance tube. 
The ignition occurred within a few seconds after the oxygen 
flow began. Author 


N82-26483*/{!l National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

EXPERIMENTS ON FUEL HEATING FOR COMMERCIAL 

aircraft 

R. Friedman and F. J. Stockemer (lockheod-Callfornia Co.. 
Burbank. Calif.) 1982 15 p refs Presented at 18th Joint 

Propulsion Conf„ Cleveland, 21-23 Jun. 1982: Sponsored by 
AIAA. SAE and ASME 

(NASA-TM-82878: E-1254: NAS 1.15:82878) Avail: NTIS 
HC A02/MF AOl CSCL 21 D 

An experimental jet fuel with a -33 C freezing point was 
chilled In a wing tank simulator with stperimposed fuel heating 
to improve low temperature flowability. Heating consisted of 
circulating a portion of the fuel to an external heat exchanger 
and returning the healed fuel to the tank. Flowability was 
determined by the mass percent of unpumpable fuel (holdup) 
left in the simulator upon withdrawal of fuel at the conclusion 
of testing. The study demonstrated that fuel heating is feasible 
and improves flowability as compared to that of baseline, unheated 
tests. Delayed heating with initiation when the fuel reaches a 
prescribed low temperature limit, showed promise of being more 
efficient than continuous heating. Regardless of the mode or 
rate of heating, complete flowability (zero holdup) could not be 
restored by fuel heating, The severe, extreme-day environment 
imposed by the test caused a very small amount of subfreezing 
fuel to be retained near the tank surfaces even at high rates of 
heating. Correlations of flowability established for unheated fuel 
tests also could be applied to the heated test results if based 
on boundary-layer temperature or a solid index (subfreezing 
point) characteristic of the fuel. Author 


NB2-27619*| National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

EFFECT OF SOME NITROGEN COMPOUNDS THERMAL 

stabiuty of jet a 

Albert C. AntoI»^:«( Jun. 1982 20 p refs 
(NASA-TM-82908; NAS 1.15:82908) Avail: NTIS 

HC A02/MF AOl CSCL 21 D 

The effect of known concentrations of some nitrogen 
containing compounds on the thermal stability of a conventional 
fuel, namely. Jet A was investigated. The concentration range 
from 0.01 to 0.1 wt% nitrogen was examined. Solutions were 
made containing, individually, pyrrole, indole, quinoline, pyridine, 
and 4 ethylpyridine at 0.01, 0,03. 0.06. and 0.1 wt% nitrogen 
concentrations !n Jet A. The measurements were all made by 
using a standard ASTM test for evaluating fuel thermal oxidation 
behavior, namely, ASTM 03241, 'thermal oxidation stability of 
turbine fuels (JFTOT procedure)/ Measurements were made at 
two temperature settings, and 'breakpoint temperatures' were 
determined. The results show that the pyrrole and indole solutions 
have breakpoint temperatures substantially lower than those of 
the Jet A used, S.L. 


N82-28460*/^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EFFECT OF HYDROCARBON FUEL TYPE ON FUEL 
Edgar L, Wong and David A. Bittker Jun. 1982 13 p refs 

(NASA-TM-82916; E-1073: NAS 1.15:82916) Avail: NTIS 
HC A02/MF AOl CSCL 21 D 

A modified jet fuel thermai oxidation tester (JFTOT) procedure 
was used to evaluate deposit and sediment formation for four 
pure hydrocarbon fuels over the temperature range 150 to 
450 C in 3 1 6-stainless-steel heater tubes, Fuel types Were a 
normal alkane, an ajkene, a naphthene, and an aromatic. Each 
fuel exhibited certain distmctive deposit and sediment formation 
characteristics. The offecr of aluminum and 316-stainless-steei 
heater tube surfaces on deposit formation for the fuel n-decane 
over the same temperature range was investigated. Results 
showed that an aluminum surface had lower deposit formation 
rates at all temperatures investigated. By using a modified JFTOT 
procedure the thermal stability of four pure hydrocarbon fuels 
and two practical fuels (Jet A and home heating oil no. 2) was 
rated on the basis of their breakpoint 'emperatures. Results 
indicate that this method could be used to rate thermal stability 
for a series of fuels. Author 


N82-32504*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

CHARACTERIZATION OF AN EXPERIMENTAL REFEREE 
BROAOFNED SPECIFICATION (ERBS) AVIATION TURBINE 
FUEL AND ERBS FUEL BLENDS 

Gary T. Seng Aug. 1982 25 p refs 

(NASA-TM-82883; E-1260; NAS 1.15:82883) Avail: NTIS 
HC A02/MF AOl CSCL 21 D 

Characterization data and comparisons of these data are 
presented for three individual lots of a research test fuel designated 
as an Experimental Referee Broadened Specification (ERBS) 
aviation turbine fuel. This research fuel, which Is a blend of 
kerosene and hydrotreated catalytic gas oil, Is a representation of 
a kerojet fuel with broadened properties. To lower the hydrogen 
content of the ERBS fuel, a blending stock, composed of xylene 
bottoms and hydrotreated catalytic gas oil, was developed and 
employed to produce two different ERBS fuel blends. The ERBS 
fuel blends and the blending stock were also characterized and 
the results for the blends are compared to those of the original 
ERBS fuel. The characterization results indicate that with the 
exception of the freezing point for ERBS lot 2, which was slightly 
high, the three lots, produced over a 2 year period, met all general 
fuel requirements. However, although the properties of the fuels 
were found to be fairly consistent, there were differences in 
composition. Similarly, all major requirements for the ERBS fuel 
blends were met or closely approached, and the properties of the 
blended fuels were found to generally reflect those expected for 
the proportions of ERBS fuel and blending stock used in their 


production. 

„ . „ Author 
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NS2*1 0246*1 Aerojet Liquid Rocket Co.^ Sacramento, Calif. 

FUEL/OXIDIZER-RICH HIGH-PRESSURE PREBURNERS 
Final Report 

L Schoenman Oct, 1981 264 p refs 
(Contract NAS3-2 17531 

(NASA-CR-1 65404) Avail; NTIS HC A12/MF A01 CSCL 
211 

Tfie analyses, designs, fabrlcetlon, and cold-flow acceptance 
testing of LOX/RP*1 preburner components required for a 
high-pressure stagod-combustlon rocket engine are discussed. 
Separate designs of Injectors, combustion chambers, turbine 
simulators, and hot-gas mixing devices are provided for fuel-rich 
and oxidizer-rtch operation. The fuel-rich design adcir/esses the 
problem of non-equilibrium LOX/RP-1 combustion. The develop- 
ment and use of a pseudo-kinetic combustion model for predicting 
operaing efficiency, physical properties of the combustion products, 
and the potential for generating solid carLon is presented, The 
oxygen-rich design addresses the design criteria for the prevention 
of metal ignition. This is accomplished by the selection of 
materials and the generation of well-mixed gases. The combining 
of unique propellant injector element designs with secondary 
mixing devices is predicted to be the best approach, M.G. 


N82-11224*/jf Lockheed-Californio Co,. Burbank, 

EXPERIMENTAL STUDY OF FUEL HEATING AT LOW 
TEMPERATURES IN A WING TANK MODEL, VOLUME 1 
Final Report 

Francis J. Stockemer Aug. 1981 75 p refs 
(Contract NAS3-21977) 

(NASA-CR-16539?; LR-29936-Vol-1) Avail: NTIS 

HC A04/MF A01 CSCL 21 D 

Scale model fuel heating systems for use with aviation 
hydrocarbon fuel at low temperatures were investigated. The 
effecdveness of the heating systems in providing flowability and 
pumpability at extreme low temperature when some freezing of 
the fuel would otherwise occur Is evaluated. The test tank 
simulatsd a section of an outer wing tank, and was chiliad on 
the upper and lower surfaces. Turbine engine lubricating oil was 
heated, and recirculating fuel transferred the heat. Fuels Included: 
a commercial Jet A: an intermediate freeze point distillate; a 
higher freeze point distillate blended according to Experimental 
Referee Broadened Specification guidelines; and a higher freeze 
point paraffinic distillate used in a preceding investigation. Each 
fuel was chilled to selected temperature to evaluate unpumpable 
solid formation (holdup). Tests simulating extreme cold weather 
flight, without heating, provided baseline fuel holdup data. Heating 
and recirculating fuel increased bulk temperature significantly; it 
had a relativley small effect on temperature near the bottom of 
the tank. Methods which increased penetration of heated fuel 
into the lower boundary layer improved the capability for reducing 
holdup. S.L. 


N82-11230*jjl Pratt and Whitney Aircraft Group, East Hartford, 
Conn. Commercial Products Div. 

AN ASSESSMENT OF THE USE OF ANTIMISTING FUEL 
IN TURBOFAN ENGINES Final Report, Sep. 1979 • Nov. 
1980 

A, Fiorentino, R. DeSaro, and X Franz Jun. 1981 53 p refs 

(Contract NAS3-22045) 

(NASA-CR- 165258; AD-A104673; PWA-5697-29; 
FAA-CT-81-58) Avail; NTIS HC A04/MF A01 CSCL 21/4 
An evaluation was made on the effects of using antimistin^ 
kerosene (AMK) on the performane of the components from the 
fuel system and the combustor of a current in-service JT8D 
aircraft engine. The objectives were to identify problems asbcdated 
with using antimisting kerosene and to determine the extent of 
shearing or degradation required to allow the«engine components 
to achieve satisfactory operation. The program consisted of a 
literature survey and a test progranv which evaluated the 
antimisting kerosene fuel In laboratory avtd bench component 
testing, and assessed the performance of the combustor in a 
high pressure facility and In an atitude relight/cold ignition facility, 
Performance of the fuel pump and control system was evalu- 
ated In an open loop simulation, Thus far, results of the program 
would not preclude the use of antimisting kerosene in a jet 
engine application. GRA 


N82-13243*/)! Engineering Societies Commission on Energy, 
Inc., Washington, 0. C. 

BARRIERS TO THE UTILIZATION OF SYNTHETIC FUELS 
FOR TRANSPORTATION Final Report 

Harry W. Parker and Matthew J. Reilly Oct. 1981 26 p 
(NASA Order C-57307-D; Contract DE-AI0 1-8 ICS-50006) 
(NASA-CR-165517; DOE/NASA-7307/1) Avail; NTIS 

HC A02/MF A01 CSCL 21D 

The principal types of engines for transportation uses are 
reviewed and the specifications for conventional fuels are 
compared with specifications for synthetic fuels. Synfuel processes 
nearirig the commercialization phase are reviewed. The barriers 
to using synfuels can be classified into four groups; technical, 
such as the uncertainty that a new engine design can satisfy 
the desired performance criteria; environmental, such as the risk 
that the engine emissions cannot meet the applicable environmen- 
tal standards; economic, including the cost of using a synfuel 
relative to conventional transportation fuels; and market, 
involving market penetration by offering new engines, establishing 
new distribution systems and/or changing user expectations. 

XM. 


N82-14371*j|( United Technologies Research Center, East 
Hartford. Conn. 

EXTERNAL FUEL VAPORIZATION STUDY Final Report 

E. J, Szetela and J, A. TeVetde Nov. 1981 92 p refs 
(NASA-CR-165513; UTRC-81-915326-15) HC A05/MF AOl 
CSCL 21 D 

The feasibility of external fuel vaporization In advanced aircraft 
gai turbine engines is addressed. Experiments were run to 
determine key fuel properties Including boiling points, dew points, 
critical tempefeture, critical pressure, heat transfer coefficients, 
deposit formation rates, and deposit removal in a flowing system. 
Of particular concern we;e the heat transfer rate In the heat 
exchanger and the performance of the orifice used In the throttling 
process. Three fuels were utilized In the experiments Including 
Jet-A. Experimental referee broad specifiv^ation fuel, and a 
premium No. 2 diesel fuel. Engine conditions ^presenting the 
NASA Energy Efficient Engine at sea level takeyiff, cruise, and 
idle were simulated in the vaporization system and it was found 
that single phase flow was maintained In the heat exchanger 
and downstream of the throttle. Deposits encountered in the 
heat exchanqer represented a thermal resistance as hi^)h as 
.0013 sq M K/watt and a deposit formation rate as hlph as 
800 micro-gC/sq cm hr. These values are equivalent to a buildup 
of 0.055 cm of thickness in 36 hours resulting in a more 
severe fouling condition than originally anticipated, It was found 
that the deposit can be removed by cleaning with air at a 
temperature of 720 K for 10 minutes. R.J.F. 


N82-18402*# SRI International Corp.. Menlo Park, Calif. 
OXIDATION AND FORMATION OF DEPOSIT PRECURSORS 
IN HYDROCARBON FUELS Final Report 

S, E. Buttril), Jr.. Frank R. Mayo, Bosco Lan, G, A. StJohn. and 
David Dutin Jan. 1982 26 p refs 
(Contract NAS3-22510,^ 

(NASA-CR-165534; PYU-2115) Avail NTIS 

HC A03/MF AOl CSCL 21 D 

A practical fuel, home heating oil no. 4^ (Fuel C), and the pure 
hydrocarbon, n-dodecane, were subjected to mild oxidation at 
130 C and the resulting oxygenated reaction products, deposit 
precursors, were analyzed using field ionization mass spectrometry. 
Results for fuel C indicated that, as oxidation was initially extended, 
certain oxygenated reaction products of increasing molocular 
weights in the form of monomera. dimers and some trimers 
were produced. Further oxidation time Increase resulted in 
further increase in monomers but a marked decrease in dimers 
and trimers. This suggests that these larger molecular weight 
products have proceeded to form deposit and separated from 
the fuel mixture. Results for a dodecane indicated that yields 
for dimers and trimers were very low. Dimers were produced as 
a result of interaction between oxygenated products with each 
other rather than with another fuel molecule. This occurred even 
though fuel molecule concentration was 50 times, or more greater 
than that for these oxygenated reaction products. Author 
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N02*24363*# Aerojet Liquid Rocket Co., Sacramento, Calif. 

TCtTING OF FUEL/OXIDIZER RiCH, HIGH-PRESSURE 
PREIURNERS Final Report 

B. R. Lawyer May 1982 253 p refs 
(Contract NAS3-22647) 

(NASA-CR-166603; NAS 1.26;165609) Avail; NTIS 
HC A12/MF A01 CSCL 211 

Results of an evaluation of high pressure combustion of 
fuel rich and oxidizer rich LOX/RP-1 propellants using 4,0 Inch 
diameter prototype preburner injectors and chambers are 
presented. Testing covered a pressure range from 8,9 to 
17,5 MN/square meters (1292 to 2540 psia), Fuel rich 
mixture ratios ranged from 0,238 to 0.367; oxidizer rich mixture 
ratios ranged from 27.2 to 47.5. Performance, gas temperature 
uniformity, and stability data for two fuel rich and two ozldlzer 
rich preburner injectors are presented for a conventional llke-on’like 
(LOL) design and a platelet design Injector. Kinetlcally limited 
combustion is shown by the excellent agreement of measured 
fuel rich gas composition and C performance data with kinetic 
mCdei predictions. The oxidizer rich test results support previous 
equikihJium combustion predictions. Author 


N82-26482*! Solar Turbines International, San Diego, Calif, 

tow NOX HEAVY FUEL COMBUSTOR CONCEPT PRO- 
GRAM 

D, J. White and Alan J, Kubasco May 1982 50 p refs 
(Contract DEN3-145) 

(NASA-CR-167876: NAS 1.26:167876: DOE/NASA/0145-2; 
SR82.R.4994-08) Avail: NTIS HC A03/MF AOI CSCL 21 D 
Three simulated coal gas fuels based on hydrogen and carbon 
monoxide were tested during an experimental evaluation with a 
rich lean can combustor: these were a simulated Winkler gas, 
Lurgl gas and Blue Water gas. Alt three were simulated by 
mixing together the necessary pure component species, to levels 
typical of fuel gases produced from coal. The Lurgi gas was 
also evaluated with ammonia addition. Fuel burning in a rich 
lean mode was emphasized. Only the Blue Water gas, however, 
could be operated in such fashion. This showed that the expected 
NOx signature form could be obtained, although the absolute 
values of NOx were above the 75 ppm goals for most oper- 
ating conditions. Lean combustion produced very low NOx well 
below 75 ppm with the Winkler and Lurgi gases. In addition, 
these low levels were not significantly impacted by changes in 
operating conditions. S.L. 


N82*31546*# Lockheed-Callfornia Co.» Burbank. 

ADDITIONAL EXPERIMENTS ON FLOWABILITY IMPROVE- 
MENTS OF AVIATION FUELS AT LOW TEMPERATURES, 
VOLUME 2 Final Report 

Francis J. Stockemer and Ronald L Deane Aug. 1982 56 p 
refs 

(Contract NAS3-21977) 

(NASA-CR-167912; NAS 1.26:167912) Avail: NTIS 

HCA04/MFA01 CSCL 21 D 

An Investigation was performed to study flow improver additives 
and scale-model fuel heating systems for use with aviation 
hydrocarbon fuel at low temperatures. Test were performed In a 
facility that simulated the heat transfer and temperature profies 
anticipated In wing fuel tanks during flight of long-range commercial 
aircraft. The results are presented of experiments conducted In a 
test tank simulating a section of an outer wing integral fuel tank 
approximately full-scale in height, chilled through heat exchange 
panels bonded to the upper and lower horizontal surfaces. A 
separate system heated lubricating oil externally by a controllable 
electric heater, to transfer heat to fuel pumped from the test tank 
through an oll-to-fuel heat exchanger, and to recirculate the heated 
fuel back to the test tank. 3.W. 


A82-20748 * fj An experiment to evaluate liquid hydrogen 
storage in space. R, N, Ebarhardt, D. A. Fester, W. A. Johns, and J. 
S. Marino (Martin Marietta Aero«;psce, Denver, CO). National Bureau 
of Standards^ Cryogenic Engintering Conference, San Diego, CA, 
755/, 9 p. Contract No. NAS3-21591. 

The design and verification of a Cryogenic Fluid Management 
Experiment for orbital operation on the Shuttle is described. The 
experiment will furnish engineering data to establish design criteria 


for storage and supply of cryogenic fluids, mainly hydrogen, for use 
In low gravity environments. The apparatus comprises an LAO 
(liquid acquisition device) and a TVS (thermodynamic vent system). 
The hydrogen will be either vented or forced out by Injected helium 
and the flow rates will be mpnitored. The data will be compared with 
ground-based simulations to determine optimal flow rates for the 
pressurizing gas and the release of the cryogenic fluid. It is noted that 
tests on a one-g, one-third size LAD system are under way. M.S.K. 


A82-22240 * Deposit formation in liquid fuels. II - The 

affect of salactad compounds on the storage stability of Jet A 
turbine fuel, J, H, Worsteli and S. R. Daniel (Colorado School of 
Mines, Golden, CO). Fuel, voL 60, June 1981, p, 481-484. 30 refs. 
Grant No, NsG-3122. 

The influence of substituted pyridines, pyrroles, Indoles, and 
quinolines on the storage stability of conventional Jet A turbine fuel 
is evaluated. Significant increases in the amount of deposit formed in 
accelerated storage tests are found upon addition of these com- 
pounds at levels as low as one ppm nitrogen. White the effect Is 
correlated with basicity of the nitrogen compound within a given 
compound class, the correlation does not hold between classes 
(pyridines, quinolines, etc.). Steric hindrance at the nitrogen atom 
greatly Inhibits deposit promotion. The characteristics, but not the 
elemental composition, of deposits vary with the identity of the 
added nitrogen compound and with deposition temperature, 

(Author) 


A82-22241 * Deposit formation in liquid fuels. I - Effect of 

coal-derived Lewis bases on storage stability of Jet A turbine fuel. K. 
E. Dahlin, S. R. Daniel, and J. H. Worsteli (Colorado School of 
Mines, Golden, CO), Fuel, vol. 60, June 1981, p. 477-480, 24 refs. 
GrantNo.NsG-3122. 

The development of reasonably precise techniques for the 
measurement of storage stability of jet aviation fuel Is described, 
Lewis bases, extracted by ligand-exchange from a coal-derived liquid, 
are shown to adversely affect storage stability (as determined by an 
accelerated storage test) when added to Jet A turbine fuel. JFTOT 
results suggesting slight decreases In thermal stability of fuel 'spiked' 
(i.e„ contaminated with a measured quantity of reagent) with extract 
are reported. Addition to Jet A turbine fuel of Individual hetero- 
cyclic nitrogen compounds is shown to produce comparable de- 
creases in storage stability. (Author) 


A82-23238 * Deposit formation in liquid fuels. IN - The 

effect of selected nitrogen compounds on diesel fuel. J. H. Worsteli, 
S. R. Daniel, and G. Frauenhoff (Colorado School of Mines, Golden, 
CO). Fuel, vol. 60, June 1981, p. 485-487. 11 refs. Grant No. 
NsG-3122. 

The influence of substituted quinolines, pyrroles, indoles, and 
pyridines on deposit formation in a diesel fuel is evaluated. 
Significant increases in deposition rate are found which are depen- 
dent upon the basicity of the nitrogen compound within a given 
compound class. These effects correspond closely with those 
produced In a Jet A fuel. Removal of highly polar fuel components 
renders the nitrogen compound influence Inoperative. These compo- 
nents are therefore participants in deposit-forming reactions. 

(Author) 


A82-33030 * Oxidation stability of advanced reaction- 

bonded SI3N4 materials. L. J. Lindberg, D. W. Richerson, W. D. 
Carruthers (Garrett Turbine Engine Co., Phoenix, AZ), and H. M. 
Gersch (Ai Research Casting Co., Torrance, CA). (American Ceramic 
Society, Fail Meeting, San Francisco, CA/ Oct. 28, 1980, Paper 
52-B-80P.} American Ceramic Society Bul/etin, vol. 61 , May 1 982, p. 
574-578V 11 refs. Contracts No. N00024-76-C-5352; No. 
F33615-77-C-5171; No. DEN3-167. 

Four slip-cast, injection-molded and isostatically-pressed speci- 
mens of reaction-bonded silicon nitride (RBSN) were subjected to 
static oxidation tests at 900 C for 10 hours. Specimens containing 
8-10% interconnected open porosity of size greater than one micron 
exhibited a 20-30% decrease in average room temperature four-point 
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flexure strength, while those with 10% open porosity of magnitudes 
much smaller than one micron as well as those with 2*4% 
interconnected open porosity of about one micron did not decrease 
in strength after 900 C exposure. It was determined that preoxida* 
tion treatment at 1350 C prevents the 20*30% strength degradation 
due to internal oxidation, and evidence Is presented which suggests 
that surface pit formation in some RBSN may result from contaml* 
nation by the furnace environment rather than any intrinsic material 
properties. O.C. 
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A82‘33031 * Acoustic microscopy of silicon carbide materK 

als. P, K. Khandelwal, P. W. Heitman (General Motors Corp„ Detroit 
Diesel Allison Div., Indianapolis, IN), D, Yuhas, and C. U Vorres 
(Sonoscan, inc„ Bensenville, \{.), Amencan Ceramic Society Budetin, 
vol. 61, May 1982, p. 586, 587. Research supported by the U.S. 
Department of Energy; Contract No. DEN3-17. 

It is shown that scanning laser acoustic microscopy (6LAM) is 
able to detect such fracture-controlling flaws In dense silicon carbide 
materials as surface voids, whose diameter*by*depth size is a 
minimum of 75 by 17 microns in reaction*bonded SiC and 68 by 25 
microns in alpha-SIC. Surface conditions such as pitting, which have 
been found to limit the discernibility of drilled holes, become 
important when pit and drilled hole sizes become comparable, O.C. 


A82-35307 * # Deposit formation In hydrocarbon fueja. R. Roback, E, J, 
Szetela, and L. J. SpadaccinI (United Technologies Research Center, East Hart- 
ford, CT). American Society of Mechanical Engineers, International Gas Turbine 
Conference and Exhibit, 27th, London, England, Apr, 18-22, 1982, Paper 82‘GT- 
49 , 9 p, 9 refs. Members, $2,00; nonmembers, $4.00. Contract No. NAS3-22277. 

The hydrocarbon fuels RP-1 , commercial-grade propane, JP-7 and chemically 
pure propane were subjected to tests In a high pressure fuel coking apparatus 
in order to evaluate their thermal decomposition limits and carbon deposition 
rates In heated copper tubes, A fuel thermal stability parametric evaluation was 
conducted at 1 36-340 atmospheres, bulk fuel velocities of 6-30 m /sec, and tube 
wail temperatures of 422-81 1 K. and the effect of inside wall materia) on deposit 
formation was evaluated in tests using nickel-plated tubes. Results show BP^I 
deposit formation at wall temperatures between 600 and 800 K, with peak deposit 
formation near 700 K. Substitution of deoxygenated JP^7 for RP-1 showed no 
improvement, and the carbon deposition rates for propane fuels were found to 
be higher than those of either of the kerosene fuels. Nickel plating of the tube 
walls significantly reduced RP-1 carbon deposition rates. O.C. 


A82-35312 * # Experimental study external fuel vaporization. E. J. 

Szetela and J. A. ToVelde (United Technologies Research Center, East Hartford, 
CT). American Society of Mechanical Engineers, International Gas Turbine Com 
ference and Exhibit, 27th, London, England, Apr, 18-22, 1982, Paper 82-GT-59 
a p. 9 refs. Members, $2,00; nonmembers, $4.00, Contract No. NAS3-21971. 
The fuel properties used in the design of a flash vaporization system for aircraft 
gas turbine engines were evaluated in experiments using a flowing system to 
determine critical temperature and pressure, boiling points, dew points, heat 
transfer coefficients, deposit formation rates, and deposit removal. Three fuels 
were included In the experiments: Jet-A, an experimental referree broad specifi- 
cation fuel, and a premium No. 2 diesel fuel. Engine conditions representing a 
NASA Energy Efficient Engine at sea-level take-off, cruise, and idle were simu- 
lated in the vaporization system and it was found that single phase flow was 
maintained In the heat exchanger and downstream of the throttle. Deposits en- 
countered in the heat exchanger represented a thermal resistance as high as 
1 300 sq M K/watt and a deposit formation rate over 1 000 gC/sq cm hr. C.D, 
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31 ENGINEERING (GENERAL) 

Includes vacuum technology; control engineering; display 
engineering; and cryogenics. 


N82«1 3281*1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

ELEVATED TEMPERATURE FATIGUE TESTING OF MET* 
ALS c26 

Marvin H Hirschberg fn AGARO Fatigue Test Methodology 
Oct. 1981 18 p refs (For primary document see N82* 13274 

04.31) 

Avail: NTIS HC A12/MF A01 

Material characterization and evaluation conducted for the 
purpose of calculating fatigue crack initiation lives of components 
operating at elevated temperatures are discussed. The major 
technology areas needed to perform a life prediction of an aircraft 
turbine engine hot section component and the steps required 
for life prediction are outlined, These include: the determination 
of the operating environment, the calculation of the thermal arid 
mechanical loading of the component, the cyclic stress strain 
and creep behavior of the materia) required for structural analysis, 
the structural analysis to determine the local stress strain 
temperature time response of the material at the critical location 
in the component, and from a knowledge of the fatigue, creep, 
and failure resistance of the material, a prediction of the life of 
the component. E.A K 


N82-20339*/jf National Aeronautics and Space Administration 
Lewis Ttesearch Center, Cleveland. Ohio. 

IDENTIFICATION OF MULTIVARIABLE HIGH PERFOR- 
MANCE TURBOFAN ENGINE DYNAMICS FROM CLOSED 
LOOP DATA 

Waiter Merrill 1982 16 p refs Presented at the 6th IFAC 

on Identification and System Parameter Estimation, 
Washington, D C,. 7*11 Jun 1982 

(NASA.TM-82785; E-1120; NAS 1.15:82785) Avail: NTIS 
HC A02/MF A01 CSCL 21E 

The multivariable instrumental variabfe/approximate max- 
imum likelihood (IV/AML) method or recursive time-series analysis 
is used to identify the multivariable (four inputs-three outputs) 
dynamics of the Pratt and Whitney FlOO engine A detailed 
nonlinear engine simulation is used to determine linear engine 
mode) structures and parameters at an operating point using 
open loop data Also, the IV/AML method is used in a direct 
identification mode to identify models from actual closed loop 
engine test data. Models identified from simulated and tost data 
are compared to determine a final model structure and parameter- 
ization that can predict engine response for a wide class of 
inputs The ability of the IV/AML algorithm to identify useful 
dynamic models from engine test data is assessed Author 


N82-22386*/ji National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

ULTRASONIC SCANNING SYSTEM FOR IMAGING FLAW 
GROWTH IN COMPOSITES 

Louis J. Kiraly and Erwin H. Meyn 1982 18 p Presented at 
28th intern, instrumentation Symp., Las Vegas, Nev.. 3-6 May 
1982; sponsored by Instrument Soc. of Am. 

(NASA-TM-82799; E-1138; NAS 1.15:^2799) Avail: NTIS 
HC A02/MF A01 CSCL 11D 

A system for measuring and visually representing damage 
in composite specimens while they are being loaded was 
demonstrated. It uses a hobbiest grade microcomputer system 
to control data taking and image processing. The system scans 
operator selected regions of the specimen while it Is under load 
in a tensile test machine and measures intemol damage by the 
attenuation of a 2.5 MHz ultrasonic beam pas:^<^ through the 
specimen. The microcomputer dynamically the position 

of ultrasonic transducers mounted on a tvyo axis rtiOtOr driven 
carriage. As many as 65.536 samples can be taken and filed 
on a floppy disk system in less than four minutes^ S.L. 


N82*22387*/^ National Aeronautics end ^ace Administration, 
iewis Research Center, Ctevetand. Ohio, 

MORPHOLOGICAt AND FRICTIONAL BEHAVIOfI OF 
SPUTTERED Mo82 FILMS 

T« Spalvfns 1982 18 p refs Presented at Intern. Coni, on 
Mat, Coatings. Sin Diego, Calif.^ 4*9 Apr, 1982: sponsored by 
Am. Vacuum Soc. 

(NASA-TM-82809; E0 150; NAS 1,16:82809) Avail: NTIS 
HC A02/MF A01 CSCL 1 1F 

from the texture and growth patterns of sputtered MoS2 
films deposited on substrates, three regions are distinguished: 
(1) a ridge formation region; (2) an equiaxed transition zona; 
and (3) a columnar-fibardike structure. The lubricating propartioa 
of sputtered MoS2 films are visually Iderxtified with respect to 
optical changes before and after rubbing. The orientation of the 
surface microcrystaliltas is identified, and the change in optical 
properties is expiained. In sliding contact the sputtered film tende 
to break up at the base of the columnar region. Effective lubrication 
occurs with the film remaining on the substrate. This film is. 
0,18 to 0.22 microns thick. J.M,S, 


N82-22388*! National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

A HIGH SPEED IMPLEMENTATION OF THE RANDOM 
DECREMENT ALGORITHM 

Louis J. Kiraly 1982 13 p refa Presented at 1982 

Aerospace/Test Measurement Symp., Las Vogas, Nev., 2-6 May 
1S92: sponsored by Instrument Soc. of Am. 

(NAL'A-TM*82853; E-1192. NAS 1,15:82863) Avail: HllS 
HC A02/MF AOl CSCL 093 

The algorithm is useful fpr measuring net system damping lev- 
els In stochastic processes and for the development of equivalent 
linearized system iresponse models. The algorithm works by 
summing together all si^brecords which occur after predefined 
threshold level Is crossed. The random decrement signature Is 
normally developed by scanning stored data and adding sub- 
records together. The high speed implementitfon of the rendom 
decrement algorithm exploits the digital character of sampled 
date and uses fixed record lengths of 2(n) samples to greatly 
speed up the process. The contributions to the random decrement 
signature of each data point was calculated only once and in 
the same sequence as the data were taken. A hardware 
Implementation of the algorithm using random (ogievis diagrammed 
and the process is shown to be limited only by the record size 
and the threshold crossing frequency of the sampled data. With 
B hardware cycle time of 200 ns end 1024 point signature, a 
threshold crossing frequency of 6000 Hertz can be processed 
and a stably averaged signature presented in real time. T.M. 


N82-24361*ii Ohio State Univ., Columbus. 

THE ORTHOGONAL IN-SITU MACHINING OF SINGLE AND 
POLYCRYSTALLINE ALUMINUM AND COPPER, 
VOLUME 1 Ph.D. Thesis Final Report 
Paul H, Cohen May 1982 203 p refs 
(Grant NsG-3164) 

(NASA-CR-1 68929; NAS 1.26:168929) Avail: NTIS 

HC AlO/MF AOl CSCL 13H 

Metal cutting is a unique deformation process characterhed 
by large strains, exceptionally high strain rates and few constraints 
to the deformation. These factors, along with the difficulty of 
directly measuring the shear angle, make chip formation difficuit 
to model and understand. One technique for skirting the difficulty 
of post mortem chip measurement is to perform a cutting 
experiment dynamically in a scanning electron microscope. The 
performance of the In-situ experiment with full instrumentation 
allows for component force measurement, orientation measure- 
ment (on a round single crystal disk) and a timing device, ell 
superimposed below the deformation on the TV monitor and 
recorded for future viewing. This allows the sher angle to be 
directly measured for the screen along with the other needed 
Information, S.L. 


A82-46430 * Pressure pulsations above turbomolecular pumps. S. 

Danziger, B. R. F. Kendall, and J. Dormer (Pennsylvania State University, Univer- 
sity Park, PA). Journal of Vacuum Science and Technology, vol. 21 , Sept.-Oct. 
1982, p. 893-895. 6 refs. Grant No. NsG-3301 , 

Lange and Singleton (1978) have observed pressure pulses above a tur- 
bomolecular pump. They reported that the mean pulse frequency Increased with 
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tho tomporature of tho pump cooling water and that tho ovolved gas was mainly 
hydrogen. The present investigation takes Irtto account tests conducted with a 
similar pumping systemr The pumping system was equipped with additional pres* 
sure-monitoring equipment in order to study these pulsations in more detail. It was 
found that at (east two distinct types of pressure pulsations may be present in a 
turbomolecuiar-pumpod ultrahlgh vacuum system. The random hydrogen pulses 
are easily eliminated for period of days by changing the cooling water tempera<f 
ture. The cyclic pulses consisting mainly of water vapor are not likely to be a 
problem In normal experiments. G.R. 
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32 COMMUNICATIONS 

Includes land and global communfcatfona; communications 
theory; and optica! /communications* 

For related Information see also 04 Aircraft Communlca- 
tfons and Navigation and 17 Spacecraft Communications, 
Command and Tracking. 


Case Western Reserve Univ*, Cleveland, Ohio, Inst 

of Technology 

COAXIAL PRIME FOCUS; FEEDS FOR PARABOLOIDAL RE* 
FLECTORS 

R, E. Collin, H. Schllllne, and L Hebert Jul* 1902 138 p refs 
(Contract NAS3-22342) 

(NASA-CR-1 67934; NAS 1.26:167934) Avail: NTIS 

HC A07/MF A01 CSCL 20N 

A TE11 - TMTI dual mode coaxial feed for use In prime 
focus paraboloidal antenna systems Is Investigated. The scattering 
matrix parameters of the Internal bifurcation Junction was deter^ 
mined by the residue calculus technique. The scatteiing parameters 
and radiation fields of the aperture were found from the Weinstein 
solution, The optimum modeing ratio for minimum cross-polarization 
was determined along with the corresponding optimum feed 
dimensions. A peak cross-polarization level of -58 dB Is predicted. 
The frequency characteristics were also Investigated and a 
bandwidth of 5% Is predicted over which cross-polarization 
remains below -30 dB, the Input VSWR Is below 1.15, and the 
phase error is less than 10 deg. Theoretical radiation patterns 
and efficiency cun/es for a paraboloidal reflector Illuminated by 
this feed were computed. The predicted sidelobe level is below 
-30 dB and aperture efficiencies greater than 70% are possible. 
Experimental results are also presented that substantiates the 
theoretical results. In addition, experimental results for a *short-cup‘ 
coaxial feed are given. The report includes extensive design data 
for the dual-mode feed along with performance curves showing 
cross-polarization as a function of feed parameters. The feed is 
useful for low-cost ground based receiving antennas for use In 
direct television satellite broadcasting service. Author 


N82*13302*/|l Arinc Research C^rp.. Annapolis, Md. 

THE 30/20 GHz COMMUNICATIONS SATELLITE TRUNK- 
ING NETV^'ORK STUDY 

Wjlliam Kolb Oct 1901 65 p 
(Contract NAS3-22496) 

(NASA-CR-165467) Avail; NTIS HC A04/MF A01 CSCL 
17B 

Alternative transmission media for a COK^J^^ jcide trunking 
network in the years 1990 and 2000 are examte!^, the alternative 
technologies comprised fiber optic cable, conventional C- and 
Ku-band satellites, and 30/20 GHz satellites.* Three levels of 
implementation were considered - a 10-city network, a 20-city 
network, and a 40-city network. The cities selected were the 
major metropolitan areas with the greatest communications 
demand. All intercity voic«, data, and video traffic carried more 
than 40 miles was included in the analysis. In the optimized 
network, traffic transmitted less than 500 milec wss found to 
be better served hv fiber optic cable In 1 990. By the year 2000. 
the crossover point would be down to 200 miles, assuming 
availability of 30/20 GHz satellites. Author 


N82-17420*# Future Systems, Inc,, Gaithersburg, Md. 

CROSS-IMPACT STUDY OF FOREIGN SATELLITE COM- 
MUNICATIONS ON NASA'S 30/20 GHz PROGRAM 

Aug, 1980 244 p refs 
(Contract NAS3-21500) 

(NASA-CR-165154; FSI-251) Avail: NTIS HC A11/MF A01 
CSCL 17B 

A comprehensive traffic demand forecast and a scenario for 
'ihe transition process from current satellite systems to more 
odvanced systems of the 1990's are presented. Systems 
configurations with and without the use of 30/20 GHz are 
described and these two alternatives are compared. It is 
concluded that: (1) the use of 30/20 GHz will result in increased 
satellite capacity, which will be needed to satisfy demand: (2) the 


use of 30/20 GHz will decrease the transmission cost, especially 
for broiidband communications: (3) in some areas, particularly 
Europe and Japan but also the U.S., 30/20 GHz is the only 
available frequency band for customer premise earth stations 
because of the dense terrestrial microwave networks: and (4) the 
development of 30/20 GHz technology will Improve U,S. markets 
for equipment and satellites In many world regions. A.R.H. 


N02-2O362*/jl Hughes Aircraft Co„ El Segundo. Calif. Space 
and Communications Group. 

THE 30/20 GHz FLIGHT EXPERIMENT SYSTEM, PHASE 2. 
VOLUME 1; EXECUTIVE SUMMARY Final Report, Apr. 
19SO * Mar. 1981 

U Bronstein, Y, Kawamoto, J. J. Riba rich. J. R, Scope. B, J. 
Forman, S, G. Oergman. end S. Relsenfetd Jut. 1981 122 p 
4 Vol. 

(Contract NAS3^22340) 

(NASA-CR-165409-Vol-l; NAS 1,26:16B409-Voi-1: 
SCG-810338RI Avail; NTIS HC A06/MF AOl CSCL ^7^) 
Summary information on the final communication system 
design, communication payload, space vehicto. and development 
plan for the 30/20 GHz flight experiment will be Installed pn 
the LEA SAT spacecraft which will be placed into orbit from the 
space shuttle cargo bay. The communication concept has two 
parts: a truck service and a customer premise service (CPS), 
The trucking system serves four spot beams which are In- 
tprconnected in e satellite switched time division multiple access 
mode by an IF switch matrix. The CPS covers two large areas 
of the eastern United States with a pair of scanning beams. 

M.G. 


fv82-20363^/j^ Hughes Aircraft Co.. El Segundo, Calif. Space 
and Communicaticns Group. 

THE 30/20 GHz FLIGHT EXPERIMENT SYSTEM, PHASE 2. 
VOLUME 2: EXPERIMENT SYSTEM DESCRIPTION Final 
Report, Apr. 1980 Mar. 1981 

L, Bronstein, Y. Kawamoto. J, J. Ribarich, J. R. Scope, B, J. 
Forman, S. G. Bergman, and S. Reisenfeld JuL 1981 469 p 

4 Vol, 

(Contract NAS3-22340) 

{NASA-CR-165409-Vol-2; NAS 1.26:165409-Vol-2: 
SCG-810339R) Avail: NTIS HC A20/MF AOl CSCL 17B 
A detailed technical description of the 30/20 GHz flight 
experiment system is presented. The overall communication 
system is described with performanc© analyses, communication 
operations, and experiment plans. Hardware descriptions of the 
payload are given with the tradeoff studies that led to the final 
design. The spacecraft bus which carries the payload is dis- 
cussed and its interface with the launch vehicle system is 
described. Finally, the hardwares and the operations of the 
terrestrial segment are presented. R.J.F. 


N82-20364*/j/ Hughes Aircraft Co., El Segundo. Calif. Spe^ 
and Communications Group. 

THE 30/20 GHz FLIGHT EXPERIMENT SYSTEM, PHASE 2, 
VOLUME 3: EXPERIMENT SYSTEM REQUIREMENT 

DOCUMENT Final Report Apr, 1980 - Mar. 1981 

L. Bronstein. Y. Kawamoto, J. J. Ribarich, J. R. Scope. B, J, 
Forman, S. G. Berman, and S. Reisenfeld Jul. 1981 25 p 

4 Vol. 

(Contract NAS3-22340) 

(NASA-CR-165409-VOI-3; NAS 1,26:1 65409- Vo|-3: 
SCG-810340R) Avail: NTIS HC A02/MF AOl CSCL 17B 
An approach to the requirements document to be used to 
procure the system by NASA is presented. The basic approach 
Is similar to the requirements document used In the commercial 
communication satellite. Enough detail requirements are given 
to define the system without tight constraints, R.J.F. 


m2-2026B*§ Hughes Aircraft Co„ El Segundo, Calif. Space 
and Communications Group. 

THE 30/20 GHz FLIGHT EXPERIMENT SYSTEM, PHASE 
2. VOLUME 4: EXPERIMENT SYSTEM DEVELOPMENT 

PLAN Final Report, ^pr. 1980 - Mar, 1981 

L. Bronstein, Y. Kawamoto, J. J. Riberich, J. R, Scope, B. J. 
Forman. S, G. Bergman, and S. Reisenfeld Jul. 1981 40 p 
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4 Vor. 

(Contrict NAS3*22340) 

iNASA*CR*165409*Vol*4: SCG*8103411R^ NAS 
1.26 j165409-VoM. SCG-810341R) Avail; NTIS 

HC A03/MF A01 CSCL 17B 

The development plan for the 30/20 GHz flight e)<perimant 
system (s presented. A master program schedule with detailed 
development plans for each subsystem Is planned with careful 
attention given to how technology items to ensure a minimal 
risk. The work breakdown structure shows the organization of 
the program management with detailed task definitions. The ROM 
costs based on the development plan are also given. R J.F. 


N82*25423^| Western Union Telegraph Co* McLean* Va. 
Government Systems Div. 

WORLDWIDE 8ATELUTE MARKET DEMAND FORECAST 
Final Report 

J. M. Bowyer*. M. Frankfort* and K. M. Steinnagel 19 Jun. 
1981 124 p refs 
(Contract NAS3*22461) 

(NASA.CR.167918; NASA^1.4-W*-1-T1 1; NAS 1.20:167918) 
Avail: NTIS HC A06/MF A01 CSCL 17B 

The forecast Is for the years 1981 * 2000 with benchmark 
years at 1985* 1990 and 2000. Two types of markets are 
considered for this study: Hardware (worldwide total) * satellhes* 
earth stations and control facilities (includes replacements and 
spares): and non*hardware (addressable by U.S. industry) • 
planning, launch* turnkey systems and operations. These 
markets were examined for the INTELSAT System (international 
systems and domestic and regional systems using leased 
transponders) and domestic and regional systems. Forecasts were 
determined for six worldwide regions encompassing 185 countries 
using actual costs for existing equipment and engineering 
estimates of costs for advanced systems. Most likely (conservative 
growth rate estimates) and optimistic (mid range growth rate 
estimates) scenarios were employed for arriving at the forecasts 
which are precented in constant 1980 U S. dollars. The worldwide 
satellite mr>rket demand forecast predicts that the market between 
181 and VOOO will range from $35 to $50 biilion, Approximately 
one-half ot the world market, SI 6 to $20 billion, will be generated 
In the United States. T.M. 


K^2-26626*)K Ohio State Univ., Columbus, 

jm TRANSMISSION OR SCATTERING OF ELA STIC 
WAVES BY AN INHOMOQENEITY OF SIMPLE GEOMETRY: 
A COMPARISON OF THEORIES 

Y. C, Sheu and L. S. Fu May 1982 96 p refs 
(Grant NsG-3269) 

(NASA-CR-1 69034: NAS 1.26:169034: TR-104) Avail; NTIS 
HC A05/MF A01 CSCL 20N 

The extended method of equivalent inclusion developed is 
applied to study the specific wave problems of the transmission 
of elastic waves in an infinite medium containing a layer of 
inhomogeneity, and of the scattering of elastic waves In an infinite 
medium containing a perfect spherical Inhomogeneity. The 
eigenstralns ami expanded as a geometric series and the method 
of integration the inhomogeneous Helmholtz operator given 
by Fu and Mura is adopted. The results obtained by using a 
limited numbv*rof terms in the elgenstrain expansion are compared 
with exact solutions for the layer problem and for a perfect 
sphere. Two parameters are singlsd cut for this comparison: 
the ratio of elastic moduli, and the ratio of the mass densities. 
General trends for three different situations are shown. J.D. 


N82-28503*|jf Illinois Univ., Urbana-Champaign. Electromagne- 
tics Lab. 

NASA ADAPTIVE MULTIBEAM PHASED ARRAY (AMPA): 
AN APPLICATIGN STUDY Final Report. 15 Jan. - 30 Apr, 
1982 

R, Miltra, S. W. Lee, and W. Gee May 1982 78 p refs 
(Grant NAG3-149) 

(NASA*CR-169125: NAS 1.26:169125) Avaij: NTIS 

HC A05/MF A01 CSCL 20N 

The proposed orbital ge*^ ^etry for the adaptive multibeam 
phased array (AMPA) communication system is reviewed and 
some of the system's capabilities and preliminary specifications 
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are highlighted Typical AMPA user link models and calculations 
are presented, the principal AMPA features are described, and 
the implememation of the system (s demonstrated. System 
tradeoffs and requirements are discussed Recommendations are 
Included ARH 


Ni2-31S84’# NTL, Inc.. Colmmack, N.Y. 

A NEW ANTENNA CONCEPT FOR SATELLITE COMMUNICA- 
TIONS 

G. Skahlil and D. Ciccolella Jun. 1982 111 p refa 
(Contract NAS3-22807) 

(NASA-CR-1 67924; NAS 1.26:167924) Avail: NTIS 

HC A06/MF A01 CSCL 20N 

A novel antenna configuration oi two reflecting surfaces and 
a phased array is examined for applicaiJon to satellite communica- 
tions and shown to be superior in every respect to earlier designs 
for service to the continental United Stales from synchronous orbit 
The vignetting that afflicts other two reflector optica! systems is 
eliminated by use of a reflecting field element. The remaining 
aberrations, predof»iinanily coma, are Isolated in the time delay 
distribution at the surface of the array and can be compensated 
by ordinary iMray tev'ihniques. The optics exhibits infinite bandwidth 
and the frequency range is limited only by the design of the 
array. Author 


A02-1O679 * A review of transhorizon propagation phenom- 

ana. R, K. Crane (Environmental Research and Technology* Inc,* 
Concord* MA). (International Union of Radio Science^ Symposium 
on the Effects of the Lower Atmosphere on Radio Propagation at 
Frequencies above 1 GHz, Lennoxyiile, Quebec, Canada, May 26'30, 
1980,) Radio Science, voL 16* Sept.-Oct. 1981, p. 649-669. 40 refs, 
Contract No, NAS w-3336. 

Interference problems underlie the current Interest In trans* 
horizon propagation* In , 'oular, statistics of the rare, high-level 
fields are of interest. This paper reviews the propagation mechanisms 
which produce the high-level fields and summarizes recent work in 
the modeling of the transhorizon propagation. (Author) 


A82-23486 ^ jj 30/20 GHz communications satelUte 
multibcam antenna. W. G. Scott, H. S. Luh. A. E, Smoll, and E. W* 
Matthews (Ford Aerospace and Communications Corp.* Palo Alto, 
CA). In: Communications Satellite Systems Conference, 9th, San 
Diego, CA, March 7-11, 1982* Collection of Technical Papers. 
(A82-23476 09-32) New York, American Institute of Aeronautics 
and Astronautics, 1982, p. 78-86. Contract No, NAS3-22498. (AIAA 
82-0449) 

A 20 GHz downlink satellite antenna design Is described. The 
aperture simuitaneously radiates 18 fixed, 0.3 deg width pencil 
beams directed at 18 cities distributed over CONUS for Trunking 
Service. All beams use the same trunk frequency allocation for 18 
reuses of the band. The same aperture also radiates six additional 0.3 
deg spot beams for Customer Premises Servlr:e (CPS) for TOMA 
beam hopping operation to small terminals anywhere In CONUS. 
Each CPS beam scans one sector of CONUS and all six beams are 
frequency reused In a CPS band* Offset dual reflector optics are used 
with a feed array and multiport beam forming network (BFN), For 
so many frequency reuses, sideiobes per beam must be 30 to 40 dB 
down over CONUS* Novel dual reflector optics ware devised with 
shaped surfaces providing low aberrations for all beam positions over 
CONUS (+ or • 12 BW by + or • 5 BW), Scan loss under \ dB Is 
calculated with nearly constant sidefobes* For each beam position, a 
7-element duster of feeds Is activated in the feed array with 
coefficients adjusted by the BFN to maintain low sideiobes and thus 
high beam Isolation for f/equency reuse. (Author) 


A82-23508 * § Baseband-processed SS-TDMA communication 
system architecture and design concepts. 5. Attwood and D. 
Sabobrin (Motorola, Inc.* Government Electronics Div.* Scottsdale, 
AZ). In: Communications Satellite Systems Ck}nference, 9th, San 
Diego, CA, March 7-11, 1982, Collection of Technical Papers. 
(A82-23476 09-32) New York, American Institute of Aeronautics 
and Astronautics, 1982, p, 234-242. Contract No. NAS3-22502. 
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(AIAA 82‘0482) 

The architecture and system design for a commercial satellite 
communications system planned for the 1990's was developed by 
Motorola for NASA's Lewis Research Center. The system provides 
data communications between Individual users via trunking and 
customer premises service terminals utilizing a central switching 
satellite operating In a time-division multiple-access (TDMA) mode. 
The major elements of the design Incorporating baseband processing 
Include: demand-assigned multiple access reservation protocol, spec- 
tral utilization, system synchronization, modulation technique and 
forward error control Implementation. Motorola's baseband pro- 
fessor design, which Is being proven In a proof-of-concept advanced 
technology development, will perform data regeneration and message 
routing for individual users on-board the spacecraft. (Author) 


A82-23538 ^ H Planning satellite communication services and 
spectrum-orbit utlllzetlon. P. H. Sawltz (OR I, Inc., Silver Spring. 
M(5). In: Communications Satellite Systems Conference, 9th, San 
Diego, CA, March 7-11, 1982. Collection of Technical Papers. 
(A82-23476 09-32) New York. American Institute of Aeronautics 
and Astronautics. 1982, p, 489-494. Contract No. NAS3-22885. 
(AIAA 82-0526) 

The relationship between approaches to planning satellite 
communication services and spectrum-orbit Utilization Is considered, 
with emphasis on the fixed-satellite and the broadcasting-satellite 
services. It Is noted that there are several possible approaches to 
planning space services, differing principally in the rigidity with 
which technical parameters are prescribed, In the time for \yhlch a 
plan remains In force, and in the procedures adopted for implementa- 
tiorj and modifications. With some planning approaches, spectrum- 
orbit utilization Is fixed at the time the plan Is made. 0#*ers provide 
for greater flexibility by making It possible to postppr»e some 
decisions on technical parameters. In addition, the two political 
questions of what Is equitable access and how it can be guaranteed In 
practice play an Important role. B.J. 


A82-26713 * Conversion and matched filter approximations 

foriarlal mlnimum-ihift keyedmodulation. R. E. ZIemer (Mlssourl- 
Rolla, University, Rolia, MO), C. R. Ryan, and J. H. Stilwell 
(Motorola, Inc,, Government Electronics Div., Gilbert, A2), !EE£ 
Transactions on Communications, vol. COM -30, Mar. 1982, p. 
495-509. 9 refs. Contract No. NAS3-22502. 

Serial minimum-shift keyed (MSK) modulation, a technique for 
generating and detecting MSK using series filtering, is ideally suited 
for high data rate appHcat'iO ns provided the required conversion and 
matched filters can be closely approximated. Low-pass implementa- 
tions of these filters as parallel Inphase- and quadrature-mixer 
iftructures are ri^aracterized In this paper in terms of signal-to-noise 
ratio (SNR) degradation from ideal and envelope deviation. Several 
hardware Implementation techniques utilizing microwave devices or 
|unt|?nd elements are presimted. Optimization of parameter values 
resbUa in realizations whose SNR degradation Is less than 0.5 dB at 
error probabilities of .00000 1 . (Author) 


A82-27178 * Adaptive rain fade compensation. J. C. Rautio 

(General Electric Co.. Space Div., Philadelphia, PA). In: 
ITC/USA/'80; Proceedings of the International Telemetering Con- 
ference. San Diego. CA. October 14-16. 1980. (A82-27176 12-32) 
Researdi Triangle Park, NC, Instrument Society of America, 1980. p, 
36-46. Contract No. N AS3-21 745. 

A large available margin must be provided for satellite communi- 
cations systems operating near 20 GHz, which occasionally experi- 
ence fades due to rain attenuation. It Is proposed that this margin 
may be achieved in high-capacity FDMA satellites by dynamically 
providing a large margin to those links which are experiencing deep 
fades, while maintaining a small fade margin on all others. Single- 
beam SCPC operation and multiple-beam, satellite-switched FDMA 
systems are described, and the optimization of the dynamic FDMA 
links in a severely fading environment is investigated. A solution is 
derived which takes Into account: (1) transponder intermodulation 
distortion, (2) cochannel and cross-polarization antenna interference, 
and (3) .'aln fade characteristics. The sample system configuration 
presented shovys that such systems reach availability levels ap- 
proaching 0.9999 at Ka-Band. O.C. 


Ab2-27189 * 30/20 GHz demorntratlon lysttm for Im- 

proving orbit utilization. W. M. Holmes, dr, (TRW Defense and Space 
Systenu Group, Space Systems Div., Redondo Beach, CA), In: 
ITC/USA/'80; Proceedings of the International Telemetering Confer- 
ence, San Diego, CA, October 14-16, 1980. (A82-27176 12-32) 
Research Triangle Park, NC, Instrument Society of America, 1980, p. 
189-198. Contract No. NAS3-21933. 

To guard against severe rain tosses at 30 and 20 GHz, techniques 
are being developed which provide the high antenna gain needed to 
Increase communications margins and frequency reuse capability 
through beam isolation, while providing complete covora^ of the 
U.S. Effective bandwidths from « single satellite location may then 
reach tens of gigahertz, with capacity tailored to match nonuniform 
geographic demand patterns. Satellite onboard processing which 
Includes forward-error-correction and the i outing of channels to 
terminals will reduce scanning antenna requirements and Increase 
rain margins, through the adaptive use of system margins to support 
those terminals experiencing rain. These antenna and onboard 
processing techniques are adaptable to C-band and Ku-band, in 
addition to Ka-band. O.C. 


A82-36265 * Focal suilacec of offaat dual-reflector antennaa. C. J. 

Sletten and R. A. Shore (Solar Energy Technology, Inc., Bedford, MA). lEE 
Proceedings, Part H ^ Microwaves, Optics and Antennas, vol. 129, pt. H, no. 3, 
June 1982, p. 109'-115. 9 refs. Contract No. NAS3-22343. 

An analytical technique is described for finding the best focal surfaces for 
uffset-fed dual-refL?rlor antennas. A ray tracing procedure traces the loci of rays 
incident on the reflector onto a plane or 'screen' situated perpendicular to 
a central ray of the antenna system. Given, then, by computer graphics, the best 
feed locations for azimuth and elevation plane patterns, an aperture diffraction 
method is used which can compute the sidelobe levels and beamwidths 
from aperture phase errors on scanned or multibeam patterns. High-magir 
tion Cassegrain or Gregorian antennas, wjih lilt angles optimised accordihvjT to; 
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33 ELECTRONICS AND ELECTRICAL 
ENGINEERING 

Includes test equipment and maintainability; components, 
e.g., tunnel diodes and transistors; micromlnlaturIzfiUion; and 
Integrated circuitry. 

For related Information see also 60 Computer Operations 
and Hardware and /6 Solid-State Physics, 


N82-15311^/jf National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

PROCEEDSNG8 OF THE CONFERENCE ON HIQH- 
TEMPERArJRE ELECTRONICS 

1981 134 p refs Conf. held in Tucson, Adz.. 25-27 Mar. 

1981 Sponsored by IEEE Industrial Electronics and Control 
Instrumentation Group. IEEE Solid State Circuits Council. DOE. 
me, NSE. lASL. and Arizona Unlv. 

(NASA-Tf*)-84039; DEB 1-025058; CONF-810316) Avail; 
NTIS HC A07/MF A01 CSCL 09C 

The development of electronic devices for use in high 
temperatme environments is addressed. The instrumentatbnal 
needs of planetary exploration, fossil and nuclear powtir reactors, 
tuibine engine monitoring, and well logging are defined. Emphasis 
is place cn the fabrication and performance of materials and 
semiconductor devices, circuits and systems and packaging. For 
individual titles, see N82-15312 through N82-15337. 


N82-16313*/|l National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

HIGH TEMPERATURE ELECTRONIC REQUIREMENTS IN 
AEROPNOPUL8ION SYSTEMS 

William C. Nieberding and J. Anthony Powell fn its Proc. of 
The Conf. on High-Temp. Electron. 1981 p 13-16 refs (For 
primary document see N82-15311 06-33) 

(E’708) Avail: NTIS HC A07/MF A01 CSCL 09C 

The needs for high temperature electronic and electro-optic 
devices as they would be used on aircraft engines in either 
research and development applications, or operational applications 
are discussed. The conclusion reached is that the temperature 
at which the devices must be able to function is in the 
neighborhood of 500 to 600 C either for R&D or for operational 
applications. In R&O spptications the devices must function in 
this temperature range when in the engine but only for a moderate 
period of time. On an operational engine, the reliability require- 
ments dictate that the devices be able to be burned -In at 
temperatures significantly higher than those ai which they will 
function on the engine. The major point made is that semiconduc- 
tor technology must be pushed well beyond the level at which 
silicon will be able to function, M.G. 


National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

THREE-DIMENSiONAL RELATIVISTIC FIELD-ELECTRON 
INTERACTION IN A MULTICAVITY HIGH-POWER KLYS- 
TRON. 1: SASIC THEORY 

Henry G. Kosmahl Apr, 1982 33 p refs Presented at the 
Intern. Electron Devices Meeting, Washington. D.C., 1 1 Oct. 1971; 
sponsored by IEEE: and the Solar Power Space System Workshop. 

Tex,. 15-18 Jan, 1979; sponsored by NASA 
-TP-1 992; E-1017: NAS 1.60:1992) Avail: NTIS 
HC A03/MF A01 CSCL 09 A 

A theoretical investigation of three dimensional relativistic 
klystron action is described. The relativistic axisymmetric equations 
of motion are derived from the time-dependent Lagrangian function 
for a charged particle in ctectrom& :netic fields. An analytical 
expression of the fringing RF electric and magnetic fields within 
and in the vicinity of the interaction gap and the space-charge 
forces between axialiy and radially elastic deformable rings of 
charges are both included in the fornriulation. This makes an 
accurate computation of electron motion through the tunnel of 
the cavities and the drift tube spaces possible. Method of analysis 
is based on Lagrangian fcrmulation. Bunching is computed using 
a disk model of electron stream in which the electron stream is 
divided into axisymmetric disks of equal charge and each disk 
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Is assumed to consist of a number of concentric rings of equal 
charges. The Individual representative groups of electrons are 
followed through the Interaction gaps and drift tuba spacae. 
Inducad currents and voltages In (nteracting cavities are calcuiated 
by Invoking the Shockley- Re mo theorem. B.W, 


N82-23397*! National Aeronautics and Space Administration. 
Lewis Research Crsntor, Cleveland, Ohio. 
THREE-DIMENSIONAL REtATIVISTIC FIELD-ELECTRON 
INTERACTION IN A MULTICAVITY HIGH-POWER KLYS- 
TRON. PART 2: WORKING EQUATIONS 
Henry G, Kosmahl Apr. 1982 45 p rrfs Presented at the 
Intern. Electrons Devices Meeting. Washington. D.C., 11 Oct. 
1971: sponsored by IEEE Also presented at the Solar Power 
Space System Workshop. Houston, Tex., 15-18 Jen. 1979; 
sponsc- d by NASA. Lyndon B, Johnson Space Center 
(NASA-Vf>-2008: E-1018: NAS 1.60:2008) Avail: NTIS 
HC A03/MF A01 CSCL 09C 

A high power multicavity klystron amplifier was designed 
and a computation package containing all equations and 
procedures needed is presented. The rigorously derived three 
dimensional relativistic axisymmetric equations of motion are used 
to compute the bunched current and the induced RF gap voitage 
for all interaction cavities except the input and second cavities, 
where the linear space charge wave theory data are employed 
in order to reduce the computation time. Both distance step 
and time step integration methods are used to compute the 
Fourier coefficients of both the beam current and Induced 
current. S.L. 


N82-24415* National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

MULTISTAGE DEPRESSED COLLECTOR FOR DUAL MODE 

OPERATION Patent 

Henry C. Kosmahl, inventor (to NASA) Issued V Jul. 1981 
6 p Filed 7 Sep. 1979 Supersedes N79-32463 (17 - 23. 
p 3080) 

(NASA-Case-LEW- 13282-1; US-Patent-4,277,721; 
US-Patent-Appl-SN-073579: US-Patent-Class-3 15-5.38; 
US-Patent-Class-3 15-3.6) Avail: US Patent and Trademark 

Office CSCL09A 

A depressed collector which captures the spent electrons of 
a microwave transmitting tube at high efficiency in both high 
and low power modes of operation is described. The collector 
comprises entrance and end electrodes, the end electrode having 
a spike extending toward entrance electrode, Intermediate 
eluctrodes and the entrance electrode each have a central aperture 
and, together, these u-ectrodes capture most high power mode 
spent electrons. The apertures of the electrodes increase in size 
in a downstream direction. To capture low power mode spent 
electrons a low power mode electrode is positioned between 
the last intermediate electrode and the end electrode. This 
electrode has a central aperture preferably smaller but no larger 
than that of the las»! intermediate ele&trode. An auxiliary iow 
power mode electrode may be added having a central aperture 
larger than that of the low power mode electrode, AH of the 
electrodes are at voltages provided by a voltage divider connected 
between a potential. 

Official Gazette of the U.S. Patent and Trademark Office 


N82-24431*/|( National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

FIRST RESULTS OF MATERIAL CHARGING IN THE SPACE 
ENVIRONMENT Interim Report 

N. J. Stevens, F. Berkopec. J. Staskus, P. F. Mizera. H, C, Koons, 
E. R. Schnauss, D. R. Croley. Jr„ H. K. Kan (Aerospace Corp.), 
M. S. Leung (Aerospace Corp ), W. L. Lehn (AFML) et al 15 Mar. 
1981 20 p refs Prepared In cooperation v^ith SRI International, 
Menic Park, Calif, 

(Contract F04701-80-C-0081) 

(NASA-TM-84743; NAS 1.15i84743; TOR-0081 (6506-1 )-1) 
Avail: NTIS HC A02/MF A01 CSCL 09C 

A satellite experiment, designed to measure potential charging 
of typical vhermal control materials at near geosynchronous! 
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iltitude. was flown as part of the SCATHA program» ^5iract 
obsarvations of charging of typical satellite materials In a natural 
charging event (> 5 keV) are presented. The results show tome 
features which differ significantly from previous laboratory 
simulations of the environment S,L 


N82-24432*]|f National Aeronautics and Space Administration, 
lewis Research Center. Cleveland, Ohio. 

SIMPLIFIED dc TO dc CONVERTER Patent Application 

Robert P. Gruber, inventor (to NASA) Filed 14 Apr, 1982 
17 p 

(NASA-Case-LEW-13495-1; US-Potent-Appl-SN-368188) Avail; 
NTIS HC A02/MF AOl CSCL 09A 

A dc to dc converter is disclosed which has a minimum 
number of components, output voltage regulation, and output 
current limiting without any circuits converting the output to 
any other circuits of the converter. The converter is comprised 
of a transformer having a primary winding through which 
current is directed in alternate directions by metal oxide 
semiconductor transistors connected between the primary winding 
and a dc source or battery. A secondary winding of the transformer 
is connected to a rectifvMng and filter circuit to provide unidirec- 
tional output current. Both windings of the transformer ao carried 
on the respective outer legs of an E-core with the center log of 
the core proving a leakage reactance. This leakage reactance 
has the same effect as placing an inductor in series with the 
rectifiers in output circuit. NASA 


N82-25441 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio, 

COMPUTER MODELING OF MULTIPLE-CHANNEL INPUT 
SIGNALS AND INTERMODULATION LOSSES CAUSED BY 
NONLINEAR TRAVELING WAVE TUBE AMPLIFIERS 

N. Stankiewicz May 1982 26 p 

(NASA-TP-1999; E-722; NaS 1.60:1999) Avail: NTIS 
HC A03/MF AOl CSCL 09A 

The multiple channel input signal to a soft limiter amplifier 
as a traveling wave tube is represented as a finite, linear sum 
of Gaussian functions in the frequency domain. Linear regression 
is used to fit the channel shapes to a least squares residual 
error. Distortions in output signal, namely intermodulation 
products, are produced by the nonlinear gain characteristic of 
the amplifier and constitute the principal noise analyzed In this 
study. The signal to noise ratios are calculated for various input 
powers from saturation to 10 dB below saturation for two 
specific distributions of channels. A criterion for the truncation 
of the series expansion of the nonlinear transfer characteristic is 
given. It is found that he signal to noise ratios are very sensitive 
to the coefficients used in this expansion. Improper or incorrect 
truncation of the series leads to ambiguous results in the signal 
to noise ratios. Author 


N82-26568* National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

COUPLED CAVITY TRAVELING WAVE TUBS WITH 
VELOCITY TAPERING Patent 

Denis J. Connolly, inventor (to NASA) Issued 9 Feb. 1982 
7 p Filed 20 Feb, 1980 

(NASA-Cgse-LEW >12296-1; US-Patent-4.315.194: 
US-Patent-Appl-SN- 122966; US-Patent-Class-31 5-3,6; 
US-Patent-Class-31 5-3.5; US-Patent-Class-330-43) Avail; US 
Patent and Trademark Office CSCL 09 A 

A coupled cavity traveling wave tube with a ve'ociiy taper, 
which affords beam wave resynchronization and thereby enhances 
is described. The wave velocity reduction Is achieved by reducing 
the resonant frequencies of the individual resonont cavities as a 
function of the distance from the electron gun. through changes 
in internal cavity dimensions. The required changes In cavity 
dinnonsions can be accomplished hy gradually increasing the cavity 
radius decreasing the gap length from cavity to cavity. The velocity 
reduction is carried out without an increase In circuit resistive 
losses and the upper and lower cut off frequencies are reduced 
in approximately the same manner. E.A.K, 
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N82-30474*)j( National Aeronautics and Space Administration. 
Lewis Research Cianter. Cleveland. Ohio, 

COMPONENT TECHNOLOGY FOR SPACE POWER SYS- 
TEMS 

Robert C. Frnke 1982 13 p refs Presented at the 33rd 

Intern, Astronautical Federation Congr,. Paris. 26 Sep. - 2 Oct, 
1982 

(NASA-TM-82928; E-1322; NAS 1,16:82928) Avail; NTIS 
HC A02/MF AOl CSCL 09C 

The Lewls/OAST program for the development of Component 
Technology for Space Power Systems Is described. The program 
is divided into five generic areas; semiconductor devices 
(transistors, thyristors, and diodes); conductors (materiais and 
transmission lines): dielectrics; magnetic devices; and thermal 
control devices. Examples of progress In each of the five areas 
Is discusoed, Bipolar power transistors up to 1000 V at 100 A 
with a gain of 10 and a 0.5 mu sec rise and fall time are 
presented. A new class of semiconductor devices with a possibility 
of switching 1000 000 V is described. Several 100 kW rotary 
power transformer designs and a 25 kW. 20 kHz transformer 
weighting 3.2 kg have been developed. Progress on the creation 
of diamond-liko films for thernial devices and intercalated carbon 
fibers with the strength of steel and the conductivity of copper 
at one third the mass of copper is presented. Author 


1102-33636*^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

SUMMARY OF ELECTRIC VEHICLE dc MOTOR-CONTROLLER 
TESTS Final Report 

E. F. McBrien and H. B. Tryon Sep. 1982 30 p refs 
(Contract DE-AI01 -77CS-51 044) 

(NASA-TM-82863; E-1232; DOE/NASA/51 044-28; NAS 
1.15:82863) Avail: NTIS HC A03/MF AOl CSCL 13F 

The differences In the performance of dc motors are evaluated 
when cperatiiiQ with chopper type ccntrcllerst and when operating 
on direct current. The Interactions between the motor and the 
controller which cause these differences are investigated. Motor- 
controlled tests provided some of the data the quantified motor 
officiency variations for both ripple free and chopper modes of 
operation. S.L. 


A82-16128 * ff Experimental verification of a computational 
procedure for the design of TWT-refocuser-MDC systems. J. A. 
Dayton. Jr.. H. G. Kosmahl, P. Ramins, and . N, Stankiewicz (NASA, 
Lewis Researc!^ Center, Cleveland, OH). IEEE Tfansactions on 
Electron Devices, vol. ED-28, Dec. 1981, p. 1480-1489. 10 refs. 

A comparison of analytical and experimental results is presented 
for a high performance dual-mode helix TWT, equipped with 
multistage depressed collectors (MDC), and operated over conditions 
ranging from saturation to the linear regime. The computations are 
carried out with advanced multidimensional computer programs 
which model the electron beam as a series of disks or rings of charge 
and follow their trajectories from the RF input of the TWT, through 
the slow-wave structure, through the refocusing system, to their 
points of impact In the depressed collector. TWT performance, 
collector efficiency, and collector current distribution are computed 
and compared with measurements. Very good agreement is obtained 
between computed and measured TWT performance and collector 
efficiencies. Tho analytical techniques Were subsequently applied to 
the design of a sinaller MDC of nearly equal efficiency. (Author) 


A82-16831 ^ H A new approach to the minimum weight/lois 
design of switching power converters. F, C, Lee, S. Rahman, C. .1. Wu 
(Virginia Polytechnic Institute and State University, Blacksburg, 
VA). and sK Kolacki (NASA, Lewis Research Center, Cleveland, OH). 
International Power Conveniion Conference, Dallas, TX, Apr, 

1981^ Paper, 11 p, 10 refs. Contract No. NAS3-21051. 

A new technique using the mathematical nonlinear programming 
ALAG is proposed to facilitate design optimizations of switching 
power converters. This computer-aided approach provides a min- 
imum weight (or Joss) design down to the details of component level 
and concurrently satisfies all related power-circuit performance 
requirements. It also provides such design insights as tradeoffs 
between power loss and system weight as the switching frequency is 
increas.ed. (Author) 
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A82‘ 20745 * jj Hard permanont magnet development trends 

and their application to A.C, machines. H. F. Miidrum (NASA, Lewis 
Research Center, Cleveland, OH). Institute of Electrical and Etec^ 
tronics Engineers, Annual Meeting, Philadelphia, PA ^ Oct 5-9, 1981, 
Paper, 8 p, 27 refs. Research supported by the U.S. Department of 
Energy,* Contract No. DEN 3-1 89. 

The physical and magnetic properties of Mn-AI-C, Fe«Cr*Co, and 
RE-TM (rare earth-transition metal intermetallfcs) In polymer and 
soft metal bonded or sintered form are considered for ac circuit 
machine usage. The m? Ufacturing processes for the magnetic 
materials are reviewed, ana the mechanical and electrical properties 
of the magnetic materials are compared, with consideration given to 
the reference Alnico magnet, The Mn-Al-C magnets have the same 
magnetic properties and costs as Alnico units, operate well at low 
temperatures, but have poor high temperature performance. Fe-Cr- 
Co magnets also have comparable cost to Alnico magnets, and 
operate at high or low temperature, but are brittle, expensive, and 
contain Co. RE-Co magnets possess a high energy density, operate 
well in a wide temperature range, and are expensive. Recommenda- 
tion for exploring the rare-earth alternatives are offered, M.S.K. 


A82-41S45 * A remote millivolt multiplexer and amplifier module for 
wind tunnel data acquisition. D. B. Juanarena (Pressure Systems, Inc., Hamp- 
ton, VA) and P. Z. Blumenthal (NASA, Lewis Research Center, Cleveland, OH). 
In; International Instrumentation Symposium, 28th, Las Vegas, NV, May 3-6, 
1902, Proceedings. Part 1. (A82-41819 21-35) Research Triangle Park, NC, 
Instrument Society of America, 1982, p. 445-456. Contract No, NAS3-22950. 

A 30-channel remotely located multiplexer and amplifier module Is developed 
for the measurement of wind tunnel models, which substantially reduces the 
amount of wiring necessary and thus provides higher accuracy. The module 
provides for a wide variety of transducer voltage outputs to be multiplexed and 
amplified within tne model, and ail signals are able to exit the module on two 
wires, Tho module is self-calibraung, and when coupled with the electronically 
scanned pressure Instrumentation widely used in wind tunnels, It allows the 
modular wind tunnel models to be fabricated and checked before installation into 
tho wind tunnel, N.B. 


AB2-46388 * Analysts and design of a standardized control module 
for switching regulators. F. C. Lee, M. F. Mahmoud (Vi'ginia Polytechnic Insti- 
tute and State University, Blacksburg, VA), Y. Yu (Xerox Corp., El Segundo, CA), 
and J. C. Koleckl (NASA, Lewis Research Center, Cleveland, OH). IEEE Trans- 
actions on Aerospace and Electronic Systems, vol. AES-18, July 1902, p, 
478-496. 10 refs. Contract No. NAS3-20102. 

Three basic switching regulators; buck, boost, and buck/boost, employing a 
multiloop standardized control module (SCM) were characterized by a common 
small signal block diagram. Employing the unified model, regulator performances 
such as stability, audiosusceptibility. output impedance, and step load transient, 
are analyzed and key performance indexes are expressed in simple analytical 
forms. More Importantly, the performance characteristics of all three regulators 
are shown to enjoy common properties due to the unique SCM control scheme 
which nullifies the positive zero and provides adaptive compensation to the mov- 
ing poles of the boost and buck/boost converters This allows a simple unified 
design procedure to be devilred for selecting the key SC,M control parameters 
for an arbitrarily given power stage configuration and parameter values, such that 
all regulator performance specifications can be met and optimized concurrently 
in a single design attempt. (Author) 


produce targe repethive voltage transients across the semiconduc*^ 
tor switches, potentially far in excess of the device voltage ratings. 
The need is established for Semiconductor switch protection 
circuitry to control the peak voltages appearing across the 
semiconductor swtiches, as well as to provide the waveshaping 
action require for a given semiconductor device. The possible 
tradeoffs, as well as the factors affecting the tradeoffs that must 
be considered in order to maximize the efficiency of the 
converters are enumerated. A.R.H, 


N82-13367*! Westinghouse Electric Corp,. Lima, Ohio, 
Electrical Systems Div. 

HIGH VOLTAGE DC SWITCHGEAR DEVELOPMENT FOR 
MULTI-KW SPACE POWER SYSTEM: AEROSPACE 

TECHNOLOGY DEVELOPMENT OF THREE TYPES OF 80UD 
STATE POWER CONTROLLERS FOR 200-1100VDC WITH 
CURRENT RATINGS OF 26, 60, AND 80 AMPERES WITH 
ONE TYPE UTIUZING AN ELECTROMECHANICAL DEVICE 
Final Report 

W. W. Billings Nov. 1981 187 p 
(Contract NAS3-21755) 

(NASA-CR-165413; WAED.81-05E) Avail: NTIS 

HC A09/MF A01 CSCL Q9,C 

Three types of solid rotate power controllers (SSPCs) for 
high voltage, high power DC system applications were developed. 
The first type utilizes a SCR power switch. The second type 
employes an etectromecfianical power switch element with solid 
state commutation. Thfi third type utilizes a transistor power 
switch. Significant accOmplishmer'ts include high operating 
efficiencies, fault clearing, high/low temperature performance and 
vacuum operation. E.A.K, 


N82- 14447*# Virginia Polytechnic Inst, and State Univ., 
Blacksburg. 

MODELING AND ANALYSIS OF POWER PROCESSING 
SYSTEMS (MAPPS). VOLUME 1; TECHNICAL REPORT 
Final Technical Report, Oct, 1977 - Aug. 1380 

F. C, Lee. S. Rahman, R. A. Carter. C. H. Wu, Yuang Yu (TRW 
Defense and Space Systems Group, Redondo Beach. Calif.), and 
R. Chang (TRW Defense and Space Systems Group, Redondo 
Beach, Calif.) Deo. 1980 336 p refs 
(Contract NAS3-21051) 

(NASA-CR-1 65538; TRW-32660-6001-RU-01) Avail: NTIS 
HC A15/MF A01 CSCL 09C 

Computer aided design and analysis techniques were applied 
to power processing equipment. Topics covered include: 
(1) discrete time domain analysis of switching regulators for 
performance analysis: (2) design optimization of power converters 
using augmented Lagrangian penalty function technique: 
(3) investigation of current-injected multtioop controlled switching 
regulators; and (4) application of optimization for Navy VSTOL 
energy power system. The generation of the mathematical models 
and the development and application of computer aided design 
techniques to solve the different mathematical models are 
discussed, Recommendations are made for future wolk that would 
enhance the application of the computer aided design techniques 
for power processing systems. A.R.H. 


N82-12347*# Duke Univ., Durham, N. C. Dept of Electrical 
Engineering. 

HIGH-FREQUENCY HIGH-VOLTAGE HIGH-POWER DC-TO- 
DC CONVERTERS 

Thomas G, Wilson, Harry A. Owen, Jr„ and Paul M. Wilson 
1 981 1 1 p refs Presented at the U.S-Japan Sci. Seminar cn 

Analysis and Design in Power Electron., Kobe, Japan, 25-28 Nov. 
1981 

(Grant NsG-3167) 

Avail: NTjiS HC A^2/MP A01 CSCL 09C 

The current and voltage waveshapes associated with the 
power transitor and the power diode in an example current-or- 
voitage step-up (buck-boost) converter were analyzed to highlight 
the problems and possible tradeoffs involved In the design of 
high voltage high power coP''*rters operating at switching 
frequencies in the range of 100 Khz. Although the fast 
switching speeds of currently avaitabte power diodes and 
transistors permit converter operation at high switching frequen- 
^.:io8, the resulting time rates of changes of current coupfed with 
parasitic inductances in series with the semiconductor switches. 


N82-16315*# Panelvision Corp., Pittsburgh, Pa. 
DEVELOPMENT OF AN 1100 DEG F CAPACITOR 
Robert E, Stapleton In NASA, Lewis Research Center Proc. 
of the ConL on High-Temp. Electron. 1981 p 25-28 ref 
Prepared in cooperation with Westinghouse Electric Corp.. 
Pittsburgh. Pa, (For primary document see N82-1531f 08-33) 
(Contracts NAS3-6465: NAS3-10941) 

Avar.: NTIS HC A07/MF A01 CSCL 09C 

The feasibility of rievetoping a high temperature capacitor 
for 1 1 00 F operation which is as small and light as conventional 
capacitors for normal operat; ^0 temperatures is discussed. Pyrolyic 
boron nitride (PBN) was selected fo*^ tne dielectric. The PBN 
capacitors were made by slicing and lapping material from thick 
blocks and then sputtering thin filn^^ electrodes. These capacitors 
had breakdown strengths of 7.000 voii's per mil and a dissipation 
factor of less than 0,001 at 1100 F. Additional processing 
improvements were made after testing a multi-layer or stacked 
PBN capacitor for 1.000 hours at 1100 F. Sputter etching the 
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wafers before depositing electrodes resulted in a reduction in 
dissipation factor. A sputtered boron nitride film applied to the 
outer electrode surfaces produced a more stable capacitor. A 
design for a 0.1 mu F capacitor and a summary of PBN wafer 
fabrication costs are given. M.G. 


MM7A3S’*H Hughes Research Labs.. Malibu. Calif. 

A 10KW SERIES RESONANT CONVERTER DESIGN. 
TRANSISTOR CHARACTERIZATION. AND BASE-DRIVE 
OPTIMIZATION Pinal Report. 6 May 1980 - 16 Sap. 1981 

R. Robson and D, Hancock Nov. 1981 152 p 
(Contract NAS3-22471I 

(NASA.CR-165546) Avail: NTIS HC A08/MF A01 CSCL 
09A 

Transistors are characterized for use as switches in resonant 
circuit applications. A base drive circuit to provide the optimal 
base drive So these transistors under resonant circuit conditions 
is developed and then used in the design, fabrication and testing 
of a breadboard, spacoborne type 10 kW series resonant 
converter. S.L. 


N82-18S06*^ Westinghouse Electric Corp.. Pittsburgh. Pa. 

HIGH VOLTAGE POWER TRANSISTOR DEVELOPMENT 
Final Report. Nov. 1979 Sap. 1981 

P. L Hower 30 Oct. 1981 54 p refs 
(Contract NAS3-21949} 

(NASA-CR-165547: Rept-81-9F5'HTRAN-R5| Avail; NTIS 
HC A04/MF AOl CSCL 09A 

Design considerations, fabrication procedures, and methods 
of evaluation for high-voltage power-transistor development are 
discussed. Technique improvements ^ch as controlling the electric 
field at the surface and preserving lifetimes in the collector region 
which have advanced the state of the art in high-voltage transistors 
are discussed. These improvements can be applied directly to 
the development of 1200 volt, 200 ampere transistors. M.D.K. 


N82-1 8507*1 Pennsylvania State Univ., University Park. Dept, 
of Electrical Engineering. 

SECONDARY ELECTRON EMISSION FROM A CHARGED 
DIELECTRIC IN THE PRESENCE OF NORMAL AND 
OBLIOUE ELECTRIC FIELDS M.S. Tfwtis 

Bahram Javidi Feb. 1982 110 p refs 
(Gr^t NsG-3166) 

(NASA-CR-168558) Avail: NTIS HC A06/MF ACl CSCL 
09C 

The secondary electron emission coefficient was obtained 
for a FEP-Teflon dielectric charged with monoenergetic electrons 
normally incident upon the surface of the specimen. Measurements 
‘Of secondary emission coefficient were done for normal and oblique 
incidence with different primary beam energies in the presence 
of normal and oblique electric fields. A collimated probing beam 
was directed to different points on the surface of the specimen 
and the released or accumulated charge was monitored using 
an electrometer. The measured data for different probing beam 
energies, different impact points and different angles of incidence 
were plotted vs. impact energy and impact point. Data analyzed 
by computer simulations to find the potential distribution on the 
surface of the specimen and the electric field around It. is presented 
and discussed. M.D.K. 


N82-18508*^ Pennsylvania State Univ.. University Park, Dept 
of Electrical Engineering. 

MAPPING OF ELECTRICAL POTENTIAL DISTRIBUTIONS 
WITH CHARGED PARTICLE BEAMS Final Report. Nov. 
1977 - Feb. 1982 

James W. Robinson Feb, 1982 61 p refs 
(Grant NsG-3166) 

(NASA-CR-1 68556) Avail: NTIS HC A04/MF AOl CSCL 
• 09C 

{ Methods for measuring electrostatic potentials on and near 

I dielectric surfaces charged to several kilovolts are studied. 

J Secondary emission from those charged dielectrics is measured, 

i Candidates for potential measurement include the induced charge, 

j from which potential is calculated; the trajectory endpoints of 

I either high or low energy particles traversing the region near 

1 the surface; trajectory impact on the surface; and creating ions 

at points of interest near the surface. Some of the methods 


require computer simulations and iterative calculation if potential 
maps are to be generated. Several approaches; are described 
and compared. A method using a half-cylinder as a test chamber 
end low-energy probing beams is adapted for the measurement 
of seconary emission. N.W, 


N92-22438*# Duke Univ.. Durham. N. C Dept, of Electrical 
Engineering. 

ANALYSIS OF TRANSISTOR AND SNUBBER TURN-OFF 
DYNAMICS IN HIGH-FREQUENCY HIOH-VOLTAQE 
HIGH-POWER CONVERTERS 

Paul M. Wilson, Thomas G. Wilson, and Harry A. Owen. Jr. 
(1982] 0 p refs 
(Grant NsG-3157) 

(NASA-CR-168760; NAS 1,26;168760) Avail; NTIS 
HC A02/MF AOl CSCL 09C 

Dc to dc converters which operate reliably and efficiently at 
switching frequenciee high enough to effect substantial reductions 
in the size and weight of converter energy storage elements are 
studied. A two winding current or voltagn Mepup (buck boost) 
dc-to-dc converter power stage submodule designed to operate 
in the 2.5-kW range, with an input voltage range of 110 to 
160 V dc. and an output voltage of 250 V dc is emphasized. 
In order to assess the limitations of present day component 
and circuit technologias, a design goal switching frequency of 
10 kHz was maintained. The converter design requiromanta 
represent a unique combination of high frequancy. high voltage, 
and high power operation. The turn off dynamics of the primary 
circuit power switching transistor and its associated turn off 
snubber circuitry are investigated. S.L 


N82-23396*/j/ General Electric Co.. Philadelphia. Pa. Space 
Div. 

PREUMINARY DESIGN DEVELOPMENT OF 100 KW 
ROTARY POWER TRANSFER DEVICE 

S. M. Weinbergar Mar, 1981 165 p refs 
(Contract NAS3-22266) 

(NASA-CR-165431; NAS 1.26:165431; GE-81SDS4215) Avail: 
NTIS HC A08/MF AOl CSCL 09C 

Contactless power transfer devices for transferring electrical 
power across a rotating spacecraft interface were studied. A 
power level of 100 KW was of primary interest and the study 
was limited to aitarnating current devices. Rotary transformers 
and rotary capacitors together with the required dc to ac power 
conditioning electronics were examined. Microwave devices were 
addressed, The rotary transformer with resonant circuit power 
conditioning was selected as the most feasible approach. The 
rotary ccpacitor would be larger white microwave devices would 
be less efficient. A design analysis was made of a 100 KW, 
20 kHz power transfer device consisting of a rotary trans- 
former. power conditioning electronics, drive mechanism and heat 
rejection system. The size, weight and efficiency of the device 
were determined. The characteristics of a baseline slip ring were 
presented. Aspects of testing the 100 KW power transfer device 
were Qxamined. The power transfer device is a feasible concept 
which can be implemented using presently available tech- 
nclogies. Author 


N82-24424*# Department of Energy. Washington. D. C. 

DEVELOPMENT OF A DUAL-FIELD HETEROPOPLAR 
POWER CONVERTER 

David B. Eisenhaure, Bruce Johnson. Tim E, Bliamptis. and Emery 

StGeorge Aug, 1981 68 p refs 

(Contract NAS3-20817; DE-AI01-77CS-1044) 

(NASA-CR-1 65168; NAS 1,26:165168; R-1489) Avail: NTIS 
HC A04/MF AOl CSCL 10B 

The design and testing of a 400 watt, dual phase, dual 
rotor, field modulated inductor alternator is described. The system 
is designed for use as si flywheel to ac utility line or flywheel 
to dc bus (electric vehicle) power converter. The machine is 
unique in that it uses dual rotors and separately controlled fields 
to produce output current and voltage which ara in phase with 
each ether. Having the voltage and current in phase allows the 
power olectronics to be made of simple low cost components. 
Based on analytical predictions and experimental results, 
development of a complete 22 kilowatt (30 Hp) power conversior. 
system Is recommended. This system would include power 
electronics and controls and would replace the Inductor alternator 
with an improved electromagnetic conversion system. Author 
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N82-24425*! £aton Engineering and Research Center, South- 
field, Mich. 

STRAIGHT AND CHOPPED DC PERFORMANCE DATA FOR 
A GENERAL ELECTRIC 5BY436A1 DC SHUNT MOTOR 
WITH A GENERAL ELECTRIC EV-1 CONTROLLER Final 
Report 

Paul C Edie OcL 1981 58 p 
(Contract DEN3-123; DE-AI01-77CS-51044) 
(NASA-CR-166607: OOE/NASA/0123-4; NAS 1.28:166507; 
ERC-TR-8186) Avail; NTIS HC A04/MF A01 CSCL 09C 
Both straight and chopped dc motor performance, data for a 
General Electric. 5BY436A1 motor with a General Electric EV-1 
controller is presented In tabular and graphical formats. Effects 
of motor temperature and operating voltage are also shown. 
The maximum motor efficiency is approximately 85% at tow 
operating temperatures in the straight dc mode. Chopper 
efficiency can be assumed to be 95% under alt operating 
conditions. For equal speeds, the motor operated In the chopped 
mode develops slightly more torque and draws more current 
than it does in the straight mode. Author 


N62-25442*|jf Virginia Polytechnic Inst and State Univ., 
Blacksburg. Dept, of Electrical Engineering. 

INPUT FILTER COMPENSATION FOR SWITCHING REGU. 
LATORS Final Report 

Fred C. Lee and S. S, Kelkar 1C May 1982 56 p refs 
(Grant NAG3-61) 

(NASA-CR-1 69005: NAS 1.26:169005) Avail: NTIS 

HC A04/MF A01 CSCL 09C 

The problems caused by the interaction between the Input 
filter, output filter, and the control loop are discussed. The input 
filter design is made more complicated because of the need to 
avoid performance degradation and also stay within the weight 
and loss limitations. Conventional Input filter design techniques 
aro then dicussed. The concept of pole zero cancellation is 
reviewed; this concept is the basis for an approach to control 
the peaking of the output Impedance of the input filter and 
thus mitigate some of the problems caused by the input filter. 
The proposed approac/i for control of the peaking of the output 
impedance of the inp“* to lise a feedforward loop working 

in conjunction with ioops, thus forming a total state 

control schsme. The *iesign of the feedforward loop for a buck 
re^ilatc^r Vs deCCflbfid. A possible implementation of the 
foerisforVteM /jow.- d^tsi^n is suggested, J.D, 


A92- V33lf ^ 'Bootstrap' charging of surfaces composed of 

muitipte materials. P. R. Stannard. I. Katz, and D. E. Parks (Systems, 
Science and Software, La Jolla, CA). (lEBE, U.S. Defense Nuclear 
Agency, NASA, and DOE, Annual Conference on Nuclear and Space 
Radiation Effects, 18th, Seattle, WA, July 2h24, 1981.} IEEE 
Transactions on Nuclear Science, vol. NS'28, Dec, 1981, p. 
4563-4567. 5 refs. USAF-supported research; Contract No. NAS3- 
22536. 

The paper examines the charging of a checkerboard array of two 
materials, only one of which tends to acquire a negative potential 
alone, using the NASA Charging Analyzer Program (NASCAP). The 
Influence of the charging material's field causes the otherwise 
'non-charging' material to acquire a negative potential due to the 
suppression of its secondary emission ('bootstrap' charging). The 
NASCAP Pf'edictjons for the equilibrium potential difference be- 
tween the two materials are compared to results based on an 
analytical mode). (Author) 


A82-20505 * Permanent magnet properties of Mn-AI-C be- 

tween -50 C and +150 C. 2, A. Abdel nour, H. F. Mildrum^ and K, J. 
Strnat (Day tony University, Dayton, OH). IEEE Transactions on 
Magnetics, voj. MAG* 17. Nov. 1981, p, 2651-2653, 9 refs. Contract 
No. DEN3-T89. 

Anisotropic Mn-AFC (Ni) magnets are potential substitutes for 
Alnico 5 and 8. The limited machlnability of the alloy and the fact 
that It is cobalt-free made it particularly interestlr^j. The low Curie 
point and the costly warm extrusion process needed for grain 
orientation are drawbacks. The objective of this study was a detailed 
magnetic characterization •'f tVi'e material for possible use in electric 
machinery. The principal SuL^vets of the study were the largest 


extruded bars presently available, of 31 mm diameter. Easy and hard 
axis magnetization curves and second-quadrant recoil loop fields 
were measured at various temperatures ranging from -50 C to +150 
C. Property variations over the cross section of a bar were also 
studied. (Author) 


A82-20743 * § Power system design optimization using Li- 
grange multiplier techniques. Y. Yu (Xerox Corp.. E| Segundo, CA) 
and F, C. Lee (Virginia Polytechnic Institute and State University, 
Blacksburg, VA). Power Conversion International Conference, 
Munich, \Nest Germany, Sept. 14, 1981, Paper. 18 p. 8 refs. Contract 
No. NAS3-21051. 

An optimization technique using the Lagrange Multiplier Meth- 
od is proposed to facilitate design of switching power converter 
systems. The essence of the optimization is to identify the optimal 
battery voltage level ^nd switching frequency along with the detailed 
converter design so that the total system weight Including the battery 
and the packaged converter Is minimized, and concurrently all 
specified power circuit performances are satisfied, (Author) 


A82-20744 * A PWM transistor Inverter for an ac electric 

vehicle drive. J. M. Slicker (Eaton Engineering and Research Center, 
Southfield, Ml). Institute of Electrical and Electronics Engineers^ 
Annual Meeting, Philadelphia, PA, Oct. 5-9, 1981, Paper. 8 p. 8 refs. 
Research supported by the U.S. Department of Energy; Contract No. 
DEN3-125. 

A prototype system consisting of closely integrated motor, 
inverter, and transaxle has been built in order to demonstrate the 
feasibility of a three-phase ac transistorized inverter for electric 
vehicle applications. The microprocessor-controlled inverter employs 
monojithic power transistors to drive an oihcooled, three-phase 
Induction traction motor at a peak output power of 30 kW from a 
144 V battery pack, Transistor safe switching requirements are 
discussed, and a circuit is presented for recovering trapped snubber 
inductor energy at transistor turn-off. V. L. 


N82-23394*)jl Pratt and Whitney Aircraft Group, East Hartford, 
Conn. Commercial Products Div. 

PREUMINARY STUDY, ANALYSIS AND DESIGN FOR A 
POWER SWITCH FOR DIGITAL ENGINE ACTUATORS 

E, C. Beattie and H. C. ZIckwolf, Jr. Sep. 1979 79 p refs 
(Contract NAS3-21809) 

(NASA-CR-1 59559; NAS 1.26:159559: PWA-5643-6) Avail: 
NTIS HC A05/MF A01 CSCL 09A 

Innovative control configurations using h'<gh temperature 
switches to operate actuator driving solenoids were studied. The 
impact on engine control system life cycle costs and reliability 
of electronic control and (ECU) heat dissipation duo to power 
conditioning and interface drivers were addressed. Various power 
supply and actuation schemes were investigated, including optical 
signal transmission and electronics on the actuator, engine driven 
alternator, and inside the ECU. The use of a switching shunt 
power conditioner results in the most significant decrease In 
heat dissipation within the ECU. No overall control system 
reliability improvement is projected by the use of remote high 
temperature switches for solenoid drivers. J.M.S. 


A82-23494 * H Dynamic switch matrix for the TDMA satellite 
switching system. P, T. Ho, J. H. Wisniewski, J. R. Pelose, and H. M. 
Perasso (Ford Aerospace and Communications Corp., Western 
Development Laboratories Div., Palo Alto, CA). In: Communications 
Satellite Systems Conference, 9th, San Diego, CA, March 7-11, 1982, 
Collection of Technical Papers. (A82-23476 09-32) New York, 
American Institute of Aeronautics and Astronautics, 1982, p. 
135-141. 11 refs. Contract No. NAS3-22501. (AlAA 82-0468) 

Future high capacity satellite communication systems require 
signal processing on board satellites. The on-board signal procersing 
Includes switching of RF signals between multiple antennas to 
provide Interconnection between the uplink and downlink beams. 
This paper describes the development of a dynamic switch matrix for 
a TDMA satellite switching system to be used in the next generation 
commufiications satellites. In this paper, a dynamic switch matrix. 
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which Includes the microwave switch matrix, the distribution control 
unit and the timing source, will be described, Several different 
microwave switch matrix architectures and switching devices were 
evaluated and compared. A unique coupler crossbar switch matrix 
architecture with dual-gate field effect transistor as switching 
element was developed. Experimental results of both microwave 
switch matrix (MSM) and distribution control unit (DCU) are 
presented. These test results verify the WSM with coupler crossbar 
architecture and dual-gate FET as switching element will meet the 
future SS-TOMA system requirements. Finally, the reliability of the 
dynamic switch matrix Is addressed. The analysis shows reliability of 
0.9981 for 7 year space operation can be achieved for the designed 
dynamic switch matrix, ' (Author) 


A82-23566 ^ H IMPATT power building blocks for 20 GHz 
spaoeborne transmit amplifier, J» Asmus, Y. Cho, J. deGruy), E. Ng, 
A. Glannakopoulos, and H. C. Okean (LNB Communications, Inc., 
Hauppauge, NY). In: Communications Satellite Systems Conference, 
9th, San Diego, CA, March 7-11, 1982, Collection of Technical 
Papers. (A82-23476 09-32) Nfl vV York, American Institute of Aero- 
nautics and Astronautics, 1982, p. 715-720, Contracts No. NAS3- 
22491; No. F33615-80-C-1182. (AIAA 82-0498) 

Single-stage circulator coupled IMPATT building block consti- 
tuents of a 20-GHz solid state power amplifier (SSPA) currently 
under development for spaceborne downlink transmitter usage have 
been demonstrated as providing 1.5 to 2.0W RF power output at 4 
to 5 dB operating gain over a 1 GKz bandwidth. Using either 
commercially available or recently developed In-house GaAs 
Schottky Read-profile IMPATT diodes, DC/RF power added effi- 
ciencies of 14 to 15% were achieved In these amplifier stages, A two 
stage IMPATT driver amplifier with similar RF output power 
capability exhibited 13 -f or • 0.5 dB operating gain over a 1 GHz 
bandwidth. (Author) 


A82-36926 * # Fast recovery, high voltage sliicon diodes for AC motor 
controllers. V. Balodis, A, H. Berman, and C. Gaugh (Power Transistor Co., 
Torrance, CA). PCI/Motorcon *82, Conference, San Francisco, CA, Mar. 29, 
1982, Paper. 9 p. 5 refs. Contract No. NAS3-22539, 

The fabrication and characterization of a high voltage, high current, fast recov- 
ery silicon diode for use in AO motor controllers, originally developed for NASA 
for use In avionics povrer supplies, is presented, the diode utilizes a positive bevel 
PIN mesa structure with glass passivation and has the following characteristics; 
peak inverse voltage - 1200 volts, forward voltage at 50 amperes - 1.5 volts, 
reverse recovery time of 200 nanoseconds. Characterization data for the diode, 
included in a table, show agreement with design concepts developed for power 
diodes. Circuit diagrams of the diode are also given. N.B. 


A82-36927 * # A 10-kW series resonant converter design, transistor 
characterization, and base-drive optimization. R. R. Robson and D, J. Han- 
cock (Hughes Research Laboratories, Malibu, CA). Institute of Electrical and 
Electronics Engineers, Annual Power Electronics Specialists Conference, I3th, 
Massachusetts Institute of Technology, Cambndge, MA, June 14-17, 1982, Pa- 
per. 1 2 p. Contract No. NAS3-22471 . 

The development, components, and performance of a transistor-based 10 kW 
series resonant converter for use In resonant circuits in space applications is 
described. The transistors serve to switch on the converter current, which has a 
half-sinusoid waveform when the transistor is In saturation. The goal of ttie pro- 
gram was to handle an Input-output voltage range of 230-270 Vdc, an output 
voltage range of 200-500 Vdc, and a current limit range of 0-20 A. Testing 
procedures for the D60T and D7ST transistors are outlined and base drive wave- 
forms are presented. The total device dissipation was minimized and found to be 
independent of the regenerative feedback ratio at lower current levels. Dissipa-^ 
tion was set at within 10% and rise times were found to be acceptable. Thri 
finished unit displayed a 91% efficiency at full power levels of 500 V and 20 \ 
and 93.7% at 500 V and 10 A. M.S.K. 


A82-40403 * Compensation mechanism in liquid encapsulated Czo- 
chralski GaAs - Importance of melt stoichiometry. D. E. Holmes, R. T. Chen, 
K. R. Elliott, C, G. Kirkpatrick (Rockwc!! International Corp., Microelectronics 
Research and Development Cep»’ Thousand Oaks, CA), and P, W, Yu (Wright 
State University, Dayton, OH). (Institute of Electrical and Electronics Engineers, 
GaAs Integrated Circuits Symposium, San Diego, CA, Qct 27-29, 1981.) IEEE 
Transactions on Electron Devices, vol. ED-29, July 1982, p. 1045-1051. 25 refs. 
Contracts No. NAS3-22224; No. F33615-81-C-1 406. 


It is shown that the key to reproducible growth of undoped semi-lnsulating 
GaAs by the liquid encapsulated CzochraiPkl (LEC) technique Is the control over 
the melt stoichiometry. Twelve crystals were grown rrom stoichiometric and 
nonstolchlometric melts. The material was characterized by secondary Ion mass 
spectrometry, localized vibrational mode far Infrared spectroscopy, Hall-effect 
measurements, optical absorption, and photoluminescence. A quantitative model 
for the compensation mechanism In the seml-lnsulating material was developed 
based on these measurements. The free carrier concentration Is controlled by the 
balance between EL2 deep donors and carbon acceptors; furthermore, the incor- 
poration of EL2 Is controlled by the melt stolchlomelry. increasing as the As atom 
fraction in the molt Increases. As a result, semi-lnsulating material can be grown 
only from melts above a critical As composition, The practical significance of 
these results is discussed in terms of achieving high yield and reproducibility In 
the crystal growth process, (Author) 


A82-43784 * Wideband, high speed switch matrix development for 
SS-TDMA applications. W. H. Prather, B. J, Cory, R. F. Wade, W. J. Taft, and 
R. E, BuzinskI (General Electric Co., Fairfield, 01), In: ICC *81; International 
Conference on Communications, Denver, CO, Juno 14-18, 1981, Conference 
Record. Volume 1. (A82-43778 22-32) Now York, Institute of Electrical and Elec- 
tronics Engineers, Inc., 1981, p. 5.3,1-5.3.5. Contract No. NAS3-22500, 

The paper describes the design of an SS-TDMA microwave switch matrix being 
developed as part of the NASA 30/20 GHz Communications Satellite Program. 
A critical element In the systems development is the high-speed wideband switch- 
ing capability necessary for 30/20 GHz SS-TDMA trunking service Interconnec- 
tions, A proof-of-concept model of a 20-by-20 microwave switch matrix with a 2.5 
GHz bandwidth and 10-nanosecond switching speeds Is being developed to 
realize this capability. B.J. 


A82-43867 * Near optimum delay-line detection filters (or serial de* 
lection of MSK signals. R. E. Ziemer and C. R. Ryan (Motorola, Ina, Govern- 
ment Electronics Div., Scottsdale, AZ). In; ICC ’81; International Conference on 
Communications, Denver, CO, June 14-18, 1981, Conference Record. Volume 
3. (A82-43776 22-32) New York, Institute of Electrical and Electronics Engineers, 
Inc., 1981, p. 56.2.1-56.2.5. 8 refs. Contract No. NAS3-22502. 

A method for designing transversal delay-line filter approximations to the 
matched filter for the serial detection of minimum-shift keyed (MSK) modulated 
signals Is given. Two configurations are characterized In terms of signal-to-noise 
ratio degradation at a bit error rate (BER) of 10 to the -6th. One is shown to depart 
less than 0.3 dB from the ideal matched filter performance when its parameter 
values are optimized. A lumped-elernent equivalent Is also given and shown to 
provide a degradation of less than 0.4 dB at a BER of 10 to the -6th. (Author) 


A82-46385 * Modeling the full-bridge series-resonant power con- 
verter. R. J. King and T, A. Stuart (Toledo, University, Toledo. OH). IEEE 
Transactions on Aerospace and Electronic Systems, vol. AES- 18, July 1982, p. 
449-459. 8 refs. Grant No. NsG-3281. 

A steady state model is derived for the full-bridge series- resonant power con- 
verter. Normalized parametric curves for various currents and voltages are then 
plotted versus the triggering angle of the switching devices. The calculations are 
compared with experimental measurements made on a 50 kHz converter and a 
discussion of certain operating problems Is presented. (Author) 
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34 FLUID MECHANICS AND HEAT 
TRANSFER 

Includes boundary layers; hydrodynamics; fluidics; mass 
transfer; and ablation cooling* 

For related information see also 02 Aerodynamics and 
77 Thermodynamics and Statisticai Physics, 


N82-1 1397*1 National Aeronautics and Space Administration, 
lewis Research Center, Cleveland, Ohio. 

LEWIS RESEARCH CENTER'S COAL-FIRED, PRESSURIZED^ 
FLUIDIZED-BED REACTOR TEST FACIUTY 

John A. Kobak and R. James Rollbuhter Oct. 1981 35 p 

refs 

(NASA-TM-81616; E-621) Avail NTIS HC A03/MF A01 CSCL 
20D 

A 200-kilowatt-thormal pressurized, fluidized-bed (PFB) 
reactor, research test facility was designed, constructed, and 
operated as part of a NASA-funded^roject to assess and evaluate 
the effect of PFB hot-gas effluent on aircraft turbine engine 
materials that might have applications In stationary-power-plant 
turbogenerators. Some of the techniques and components 
developed for this PFB system are described. One of the more 
important items was the development of a two-in-one, gas-solids 
separator that removed 95 -F percent of the solids in 1600 F to 
1300 F gases. Another was a coat and sorbent feed and 
mixing syster^ for injecting the fuel into the pressurized combustor. 
Also important were the controls and data-acquisition systems 
that enabled One person to operate the entire facility, The solid,, 
liquid, and gas sub-systems all had problems that were solved 
over the 2-year operating time of the facility, which culminated 
in a 400-hour, hot-gas, turbine test. A.R.H. 


N82-1 1399*1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

HIGH THERMAL POWER DENSITY HEAT TRANSFER Patent 
Application 

James F. Morris, Inventor (to NASA) Filed 30 Oct. 1980 

10 p 

(NASA-Case-LEW-1 2950-1; US-Patent-Appl-SN-202220) Avail: 
NTIS HC A02/MF A01 CSCL 20D 

Heat from a high temperature heat pipe is transferred through 
a vacuum or a gap filled with electrically nonconducting gas to 
a cooler heat pipe. The heat pipe is used to cool the nuclear 
reactor while the heat pipe is connected thermally and electrically 
to a thermionic converter If the receiver requires greater thermal 
power density, geometries are used with larger heat pipe areas 
for transmitting and receiving energy than the area for conducting 
tho heat to the thermionic converter, In this way the heat pipe 
capability for increasing thermal power densities compensates 
for the comparatively Ibw thermal power densities through the 
electrically non-conducting gap between the two heat pipes. 

NASA 


N82-17463*j{/ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EFFECTS OF ARC CURRENT ON THE LIFE IN BURNER 
RIG THERMAL CYCLING OF PLASMA SPRAYED ZrOSUB2- 
YSUB20SUB3 

R, C. Hendricks and G. McDonald 1982 9 p refs Presented 
at the 6th Ann, Conf, on Composites, Cocoa Beach, Ffa„ 
17-21 Jan. 1982; spoivsored by the American Ceramic Society 
(NASA-TM-82795; E-1129) Avail: NTIS HC A02/MF A01 
CSCL 20D 

An analysis of therrtra! cycle life data for four sets of eight 
thermal barrier coated specimens representing arc currents (plasma 
gun power) of 525, 600, 800, or 950 amps is presented. The 
Zr02-8Y203/NiCrAlY plasma spray coated Rene 41 rods were 
thermal cycled to 1040 C in a Mach 0.3-Jet A/air burner 
flame. The experimental results indicate the existence of a 
minimum or threshold power level which coating life expectancy 
is less than 500 cycles. Above the threshold power level, coating 
life expectancy more than doubles and increases with arc 
current. T.M. 
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N82»19493^^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EFFECT OF LOCATION IN AN ARRAY ON HEAT TRANSFER 
TO A CYLINDER IN CROSSFLOW 

Robert J. Simoneau and G. James VanFossen, Jr. 1982 16 p 
refs Proposed for presantation at the 3rd Joint Thermophy. 
Fluids, Plasma and Heat Transfer Conf., St. Louis, 7-11 Jun, 
1982 

{NASA-TM-82797; E-1131) Avail; NTIS HC A02/MF A^1 
CSCL 20D 

An experiment was conducted to measure the heat transfer 
from a heated cylinder in crossflow in an array <of circular cylliders. 
All cylinders had a lerrgth-to-dir meter ratio of 3,0. Both In-line 
and staggered array patterns were studied. The cylinders were 
spaced 2.67 diameters apart center-to-center In t^th the axial 
and transverse directions to the flow. The toy; containing the 
heated cylinder remained In a fixed position in the channel end 
the relative locution of this row within the array was changed 
by adding up to five upstream rows. The working fluid was 
nitrogen gas at pressures from 100 to 600 kPa. The Reynolds 
number ranged based on cylinder diameter and average unob- 
structed channel velocity was from 5,000 to 125,000. Turbulence 
intensity: profiles were measured for each case at a point one 
half space upstream of the row containing the heated cylinder. 
The basis of comparison for all the heat transfer data was the 
single row with the heated cylinder. For the In-line cases iho 
addition of a single row of cylinders upstream of the row 
containing the healed cylinder increased ?he heat transfer by an 
average of 50 percent above the base case. Adding up to five 
more rows caused no Increase or decrease n heal transfer. 
Adding rows in the staggered array cases resulted in average 
increases in heat transfer of 21, 64. 58. 46. and 46 percent for 
one to five upstream rows, respectively. Author 


N92 1 9494*1)1 National AeronGJtics and Space Administration. 
Lewis Research Center, Clevoiand, Ohio. 

HYDRODYNAMIC AND AERODYNAMIC BREAKUP OF 
LIQUID SHEETS 

R, Ingebo 1982 5 p refs Proposed for presentation at the 

2nd intern. Conf. on Liquid Atomization and Spray Systems, 
Madison, Wise., 20-24 Jun. 1982 

(NASA-TM-82800; 51139) Avail: NTIS HC A02/MF A01 
CSCL 20D 

The effect of hydrodynamic, aerodynamic and liquid surface 
forces on the mean drop diameter of water spmys that are 
produced by the breakup of nonswirling and swirling «vater sheets 
in quiescent air and In airflows similar to those encountered In 
gas turbine combustors is investigated. The mean drop diameter 
is used to cnaracterize fuel sprays and It is a very Important 
factor in determining the performance and exhaust emissions of 
gas turbine combustors. S.L, 


N82-20467*/)( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FLOW THROUGH ALIGNED SEQUENTIAL ORIFICE TYPE 
INLETS 

Robert C. Hendricks and T. Trent Stetz Mar. 1982 53 p refs 
(NASA-TP-1967: E-682; NAS 1.60:1967) Avail: NTIS 
HC A04/MF AOl CSCL 20D 

Chocked flow rate and pressure profile data were taken and 
studied for configurations consisting of four axialiy aligned, 
sequential orifice inlets of 0.5 length diameter ratio with separation 
distances of 0.66 and 32 diameters. A flow coefficient - reduced 
temperature plot represents the flow rate data for the two casas. 
At a separation distance of 32 diameters the pressure profiles 
dropped sharply at the entrance and partially recovered within 
each orifice - the exception being at low temperatures, whe'e 
fluid jetting through the last orifice occurred. At a separation 
distance of 0.66 diameter fluid jetting was prevalent at the lower 
inlet temperatures. These results are In qualitative agreement 
with data for four axially aligned, sequential Borda inlets and 
for tubes with single sharp edge orifice or Borda inlets to L/D's 
of 105 and with a water flow visualization study. S.L. 


N82-22463*])! National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

GENERATION OF INSTABILITY WAVES AT A LEADING 
EDGE 

Marvin E, Goldstein 1982 12 p refs Proposed for presentation 


at tha 3rd Joint thermophys. fluids* Plasma and Heat Transfer 
Conf,, St* Louis, 7*11 Jun, 1982i sponsored by AIAA and 
ASMS 

(NASA4M-82835; E-1201J :1AS 1,15:82835) Avail: NTIS 
HC A02/MF AOl CSCL 20D 

Two cases are considered. The first is concerned with mean 
flov4 of the Blasius type wherein the instabilities are represented 
b* Tollmien*Schlichting waves. It is shown that the latter are 
/^^enerated fairly far downstream of the edge and are the result 
of a wave length reduction process that tunes the free stream 
disturbances to the Toilmien-Schlichting wave length. The other 
case is concerned with inflectional, uni-directional, transversely 
sheared mean flows. Such idealized flows provide a fairly good 
local representation to the nearly parallel flows in jets, They can 
support Inviscid instabilities of the Kelvin- Helmholtz type. The 
various mathematically permissible mechanisms that can couple 
these Instabilities to the upstream disturbances are discussed. 

T.M. 


N82-24449*/)! National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland, Ohio. 

MAGNETIC HEAT PUMPING Patent Application 

Gerald V. Brown, inventor (to NASA) Filed 19 Feb. 1981 

20 p 

(NASA-Case-LEW*1 2508-3; US-Patent-Appl-SN-235868) Avail; 
NTIS HC A02/MF AOl CSCL 20D 

The method of the invention employs ferromagnetic or 
ferrimagnetic elements, preferably of rare-earth based material, 
for example gadolinium, and preferably employs a regenerator. 
The steps of the method comprise controlling the temperature 
and applied magnetic field of the element to cause the state of 
the element as represented on a temperature-magnetic entropy 
diagram repeatedly to traverse a loop. The loop may have a 
first portion of concurrent substantially isothermal or constant 
temperature and increasing applied magnetic field, a second 
portion of lowering temperature and constant applied magnetic 
field, a third portion of isothermal and decreasing applied magnetic 
field, and a fourth portion of increasing temperature and constant 
applied magnetic field, Other loops may be four-sided, with, for 
example, two isotherms and two adiabats (constant entfopy 
portions). Preferably, a regenerator may bo employed to enhance 
desired cooling or heating effects, with varied magnetic fields or 
varying temperatures including three-sjded figures traversed by 
the representative point. NASA 


N8;£-24456*^ National Aeronautics and Space Vdmlnistration. 
Lewis Research. Ce'it(„r, Cleveland. Ohio, 

FLOWS THROUGH SEQUENTIAL ORIFICES WITH HEATED 
SPACER RESERVOIRS 

R. C, Hendricks and T. Trent Stetz (Miami Univ„ Oxford. Ohio) 
1982 13 p refs Presented at the 9th Intern, Cryogenics Eng. 
Conf, /intern. Cryogenic Mater. Conf., Kobe. Japan, 11-14 May 
1962 

(NASA-TM-82855; E-1224; NAS 1,15:82855) Avail: NTIS 
HC A02/MF AOl CSCL 200 

Flow rates and pressure thermal profiles for two phase choked 
flows of fluid nitrogen were studied theoretically and experimen- 
tally in a four sequential orifice configuration. Both theory and 
experimental evidence demonstrate that heat addition in the first 
spacer-reservoir adjacent to the inlet orifice is most effective In 
reducing the flow rate and that heat addition in the last 
spacer-reservoir is least effective. The flows aro choked at the 
exit orifice for large spadngs and at the inlet orifice for small 
spacings. The moderate addition of heat available for this 
experiment did not materially alter this result for large spacings: 
however, significarit heat addition for the small spacings tended 
to shift the choke point to the exit orifice. Nitrogen is used as 
the working fluid over a range of states from liquid to gas with 
a reduced inlet stagnation pressure range to P sub r, o t:? 2. 

Author 


N82-25463*^ National Aeronautics rmd Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

COVERING SOLID, FILM COOLED SURFACES WitH A 
DUPUX THERMAL BARRIER COATING Patent A|s«ilis«- 
lion 

C. H. Liebert. Inventor (to NASA) Filed 8 Dec. 1981 9 p 
lNASA-Case-LEW-13450-1; US-Paient-Appl-SN-328760) AvaJl: 
NTIS HC A02/MF AOl CSCL 20D 


A thermal barrier coating is applied to solid film cooled 
hardware. Also, thermal barrier coating systems are used to provide 
corrosion resistance and thermal protection to these base metal 
surfaces. An inert gas, such as argon, is discharged through the 
aponures during the application of the thermal barrier coating 
system by plasma spraying. This flow of Inert gas veduces both 
blocking of the holes and base metal oxldetion during the 
coating operation NASA 


HQ2‘26S^^*fj National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

DEPOSIT FORMATION IN HYDROCARBON ROCKET FUELS 
WITH AN EVALUATION OF A PROPANE HEAT TRANSFER 
CORRELATION 

Philip A. Masters and Carl A. Aukerman 1982 16 p refs 

Presented at 18th Joint Propulsion Conf,, Cleveland, 21-23 Jun. 
1982: sponsored by AIAA, SAE and ASME 
(NASA-TM-829U: E-1245: NAS 1.15:82911) Avail; NTIS 
HC A02/MF AOl CSCL 20D 

A high pressure fuel coking testing apparatus was designed 
and developed and was used to evaluate thermal decomposition 
limits and carbon decomposition rates In heated copper tubes 
for hydrocarbon fuels. A commercial propane (90% grade) and 
chemically pure (CP) propane were tested. Heat transfer to 
supercritical propane was evaluated at 136 atm, bulk fluid 
velocities of 6 to 30 m/s, and tube wall temperatures in the 
range of 422 to 811 K. A forced convection heat transfer 
correlation developed In a previous test effort verified a prediction 
of most of the experimental data within a 4- «-r - 30% range, 
with good agreement for the CP propane data. No significant 
differences were apparent In the predictions derived from the 
correlation when the carbon resistance was included with the 
film resistance. A post-test scanning eiectron microprobe analysis 
indicated occurrences of migration and interdiffusion of copper 
into the carbon deposit. Author 


N82'28574*/)l National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

THE DRYOUT REGION IN FRtCTIONAlLY HEATED SLIDING 
CONTACTS 

R. C, Hendricks, J. Braun (Akron Univ., Ohio), V Arp, and P. J. 
Giarratano (NBS. Boylder, Colo.) 1982 20 p refs Proposed 
for presentation at the Intern. Heat Transfer Conf., Munich, 
6-10 Sep. 1982; sponsored by the Am. Soc. of Mech. Engr. 
(NASA-TM-82796) Avail; NTIS HC A02/MF AOl CSCL 131 
Some conditions under which boiling and two-phase flow 
can occur in or near a wet sliding contact are determined and 
illustrated. The experimental apparatus consisted of a tool pressed 
against an instrumented slider plate and motion picture sequences 
at 4000 frames/ sec. The temperature and photographic data 
demonstrated Surface conditions of boiling, drying, trapped gas 
evolution (solutions), and volatility of fluid mixture components. 
The theoretical modeling and analysis are in reasonable agreement 
with experimental data Author 


N82-30498*j|/ National Aeronautics and Space Adr 'Ministration. 
Lewis Research Center, Cleveland, Ohio. 

FLOW VISUALIZATION STUDY OF THE HORSESHOE 
VORTEX IN A TURBINE STATOR CASCADE 

Raymond E, Gaugier and Louis M. Russell Jun. 1982 33 p 
refs 

(NASA-TP-1884: E-915; NAS 1,60.1884) Avail: NTIS 
HC A03/MF AOl CSCL 20D 

Flow visualization techniques were ui.ed to show the behavior 
of the horseshoe vortex in a large scale turbine stator cascade. 
Oil drops on the end wall surface flowed in response to local 
shear stresses, indicating the iimlting flow streamlines at the 
surface. Smoke injected into the flow and photographed showed 
time averaged flow behavior. Neutrally bouyant helium filled soap 
bubbles followed the flow and showed up on photographs as 
streaks, indicating the paths followed by Individual fluid particies. 
Preliminary attempts to control the vortex were made by injecting 
air through control jets drilled in the end wall naar the vane 
leading edge. Seventeen different hole locations were tested, 
(me at a time, and the effect of the control' jets on the path 
follwed by smoke in the boundary layer was recorded photo- 
graphically, S.L, 


88 


ORIC5IIMAL PAGE IS 

OF POOR QUALITY 



NI2-32633*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

USE OF FIBER LIKE MATERIALS TO AUGMENT THE CYCLE 
LIFE OF THICK THERMOPROTECTIVE SEAL COATINGS 
R. a Hendricks and G. McDonald Aug. 1982 14 p refs Presented 
at Intern. Conf. on Met Coatings and Process TechnoL, San Diego, 
Calif., 4-9 Apr. 1982; sponsored by American Vacuum Society 
(NASA.TM-82901; E-1284; NAS 1.15:82901) Avail; NTIS 
HC A02/MFA01 CSCL 20D 

Some experimental and analytical studies of plasma sprayed 
2r02-Y203 thick seal thermoprotective materials over NiCrAlY 
bond coats with testing to 1040 deg C in a Mach 0.3 burner 
flame are reviewed. These results indicate the need for material 
to have both compliance and sufficient strength to function 
successfully as a thick thermoprotective seal material. Fibrous 
materials may satisfy many of these requirements. A preliminary 
analysis simulating the simplified behavior of a 25 mm cylindrical 
Si02-fiber material indicated significant radial temperature gradi- 
ents, a relatively cool Interace and generally acceptabie stresses 
over the initial portion of the thermal cycle. Subsequent testing of 
these fiberiike materials In a Mach 0.3 Jet A/air burner flame 
confirmed these results. Author 


N02-32634*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

TURBULENT SOLUTION OF THE NAVIER-STOKES EQUATIONS 
FOR UNIFORM SHEAR FLOW 

R. G, Deissler 1981 31 p refs Presented at the Fluid Dyn. 

Meeting of the Am. Phys. Soc,, Monterey, Calif,, 23-24 Nov. 1981 
(NASA-TM-82925; E-1202; NAS 1.15:82925) Avail: NTIS 
HC A03/MF A01 CSCL 20D 

To study the nonlinear physics of uniform turbulent shear flow, 
the unaveraged Nayier- Stokes equations are solved numerically. 
This extends our previous work in which mean gradients were 
absent. For Initial conditions, modified three-dimensional-cosine 
velocity fluctuations are used. The boundary conditions are modified 
periodic conditions on a stationary three-dimensional numerical 
grid. A uniform mean shear is superimposed on the initial and 
boundary conditions. The three components of the mean-square 
velocity ffuctuations are initially equal for the conditions chosen. 
As in the case of no shear the initially nonrandom flow develops 
into an apparently random turbulence at higher Reynolds number. 
Thus, randomness or turbulence can apparently arise as a 
consequence of the structure of ^he Navier-Stokes equations. 
Except for an Initial period of adjustment, all fluctuating components 
grow with time. The initial equality of the three intensity compo- 
nents is destroyed by the shear, the transverse components 
becoming smaller than the longitudinal one, in agreement with 
experiment. Also, the shear creates a small-scale structure in the 
turbulence. The nonlinear solutions are compared with linearized 
ones. Author 


A82>10964 * ff Flow through axially aligned sequential aper- 
tures of the orifice and Borda types. R. C. Hendricks and T. T. Stetz 
(NASA. Lewis Research Center, Cleveland, OH). American Society 
of Mechanical Engineers and American Institute of Chemicai 
Engineers, National Heat Transfer Conference, 20th, Milwaukee, Wl, 
Aug. 2-5, 1981, ASM'' Paper 8hHn79. 9 p. 17 refs. Members, 
$2.00; non members, $4.00. 

Choked flow rate and pressure profile data were taken and 
studied for two axially aligned sequential configurations consisting 
of: (1) Four Borda type inlets of 1.9 1/D with two separation 
distances of 0,8 and 30 diameters. (2) Four orifice type inlets of 0.5 
1/D with two separation distances of 0.66 and 32 diameters, A 
flow-coefficient reduced-temperature plot can be used to represent 
the flow rate data for each geometry. At the larger separation 
distances# the pressure profiles dropped sharply at the entrance and 
partially recovered within each of the Borda and orifice Inlet 
configurations; the exception being the last inlet where at low 
entrance temperatures/ fluid jetting could occur. For the smaller 
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spacings fluid jetting was prevalent throughout each of the inlet 
configurations at lower Inlet temperatures. These results are In 
qualitative agreement with data of tubes with single Borda or 
sharp-edge Orifice type inlets to 105 1/D 3nd>yater flow visualization 
studies. (Author) 


A82-14848 * jf Heat transfer in cooled porous region with 
curved boundary. R. Siegel and A. Snyder {NASA, Lewis Research 
Center, Cleveland, OH). ASME^ Transactions, Journal of Heat 
Transfer, vol, 103, Nov 1R81, p. 765-771. 7 refs. 

Heat transfer characteristics are analyzed for a cooled two- 
dimensloncl porous medium having a curved boundary. A general 
analyticat procedure is given in combination with a numerical 
conformal mapping method used to transform the porous region Into 
an upper half plane. To illustrate the method, results are evaluated 
for a cosine shaped boundary subjected to uniform external heating. 
The results show the effects of coolant starvation In the thick regions 
of the medium, and the extent that internal heat conduction causes 
the heated surface to have a more uniform temperature. (Author) 


A82-16071 * Distorted turbulence in axisymmetric flow. P. 

A. Durbin (NASA, Lewis Research Center, Cleveland, QW), Quarterly 
Journal of Mechanics and Applied Mathematics, vol. 34, Nov, 1981, 
p. 489-500. 6 refs. 

A solution to the rapid-distortion theory for small-scale turbu- 
lence In flow round an axisymmetric obstacle is derived. General 
formulae for velocity covariances and Eulerjan time scales are 
obtained and arc evaluated for the particular case of flow round a 
sphere. The large-scale limit for this flow is also discussed. (Author) 


A82-16570 ♦ U Toward the use of sirnilaritY theory In two- 
phese choked flows. R. C. Hendricks, R. J. Slmoneau (NASA, Lewis 
Research Center, Cleveland, OH), and J, V. Sengers (Maryland, 
University, College Park, MD). In; Scaling |n two-phase flows; 
Proceedings of the Winter Annual Meeting, Chicago, IL, November 
16-21, 1980. Meeting sponsored by the American Society of 
Mechanical Engineers, New York, American Society of Mechanical 
Engineers (Heat Transfer Symposia Series. HTD Volume 14), 1980, 
p. 45-53. 13 refs. 

Comparison of two-phase choked flows in normalized coordi- 
nates were made between pure components and available data using a 
reference fluid to compute the thermophysical properties. The 
results are favorable. Solution of the governing equations for two 
LNG mixtures show some possible similarities between the nor- 
malized choked flows of the two mixtures, but the departures from 
the pure component locii are significant. (Author) 


A62-39899 * Couchy integral method for two-dimenaional solidifica- 
tion interface shapes. R. Siegel and D. J. Sosoka (NASA, Lewis Research 
Center, Cleveland, OH). International Journal of Heat and Mass Transfer, vol, 
25. July 1982, p. 975-904. 10 refs. 

A method is developed to determine the shape of steady state solidification 
interfaces formed when liquid above its freezing point circulates over a cold 
surface. The solidification interface, which Is at uniform temperature, will form in 
a shape such that the non-uniform energy convected to it is locally balanced by 
conduction Into the solid. The Interface shape Is of interest relative to the crystal 
structure formed during solidification; regulating the crystal structure has applica- 
tion In casting naturally strengthened metallic composites. The results also per- 
tain to phase-change energy storage devices, whore the solidified configuration 
and overall heat transfer are needed. The analysis uses a conformal mapping 
technique to relate the desired interface coordinates to the components of the 
temperature gradient at the Interface. These components are unknown because 
the interface shape is unknown, A Cauchy integral formulation provides a second 
relation involving the components, and a simultaneous solution yields the Irfiec*- 
face shape. (Author) 


A82-40761 * Analysis of the decay of temperature fluctuations In 
Isotropic turbulence, P. A. Durbin (NASA, Lewis Research Center, Cleveland, 
OH). Physics of Fluids, vol. 25, Aug. 1 982, p. 1 328-1 332, 1 0 refs. 

The Lagranglan dispersion theory of Durbin (1980) is used to analyze experi- 
ments by Warhaft and Lumley (1978) and by Sreenivasan et al (1 900) on tem- 
perature fluctuations in grid-generated turbulence. Both theory and experiment 
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8?)ow that the decay exponent m depends on the ratio of the initial lenQth scales 
of velocity and temperature, although y/hen this ratio is greater than 2.5 such 
dependence Is negligible. The theory shows that m is not truly constant, but within 
the range covered by tho experiments It Is nearly so. The agreement between 
theory and experiment lends credence to the Idea that the decay of fluctuations 
Is controlled largely by turbulent relative dispersion. (Author) 


measurements and by flow visualization; (2) Turbulence measure* 
ments by a variety of single* and multi*wir6 hot*wlre probe 
techniques; and (3) flowHetd computations using the computer 
code developed during the previous year's research program. 

Author 


Mt2- 16300^# Oklahoma State Uniw, Stillwater. School of 
Mechanicel and Aerospace Engineering. 

INVftnOATIONS OF FLOWFIELDS FOUND IN TYPICAL 
COMBUSTOR GEOMETRIES SemUnnual Sutut Report, 
1 Jen. • 31 Jul. 1SS1 

0. G. Uitey and 0. K. McLaughlin (Dynarnlcs Technology. Inc.. 
Torrance. Calif.) 31 Jul. 1981 243 p refs 
(Grant NAG3*74) 

(NASA-CR-165031; SASR-2) Avail: NTIS HC A11/MFA01 
CSCL 20D 

The flowfields of gas turbine combustion chambers were 
Investigated. Six flowfleld configurations with sidewall angles 
alpha « 90 and 45 deg. and swirl vane angles phj » 0. 45 and 
70 deg. are characterized. Photography of neutrally-buoyant 
halium*filled soap bubblej. tufts, and injected smoke helps to 
characterize the time-mean streamlines, recirculatiort .zones and 
regions of highly turbulent flow, Five-hole pitot probe pressure 
measurements allow the determination of time-mean velocities 
u. V and w. An advanced computer code equipped with a standard 
two-equation kappa-epsilon turbulence model was used to predict 
corresponding flow situations and to compare results with the 
experimental data. J.D.H. 


N62-17486*|fl Stanford Univ., Calif, Dept, of Mechanical 
Engineering. 

TURBULENT BOUNDARY LAYER HEAT TRANSFER 
EXPERIMENTS: CONVEX CURVATURE EFFECTS INCLUD- 
ING INTRODUCTiOM AND RECOVErV Final Report 
T. W. Simon. R. J. Moffat, J, P. Johnston, and W. M, Kays 
Washington NASA Feb. 1982 217 p refs 
(Grants NsG-3124; NAG3-3) 

(NASA-CR-3510; HMT-32) Avail: NTIS HC A10/MF AOl 
CSCL 200 

Measurements were made of the heat transfer rate through 
turbulent and transitional boundary layers on an isothermal, 
convexly cun/ed wall and downstream flat plate. The effect of 
convex curvature on the fully turbulent boundary layer was a 
reduction of the local Stanton numbers 20% to 50% below those 
'predicted for a flat wall under the same circumstances. The 
recovery of the heat transfer rates on the downstream flat wall 
was extremely ^low. After 60 cm of recovery length, the Stanton 
number was still typically 15% to 20% below the flat wail predicted 
value. VariouO effects Important In the modeling of curved flows 
were studied separately. These are; the effect of initial boundary 
layer thickness, the effect of freestream velocity, the effect of 
freestream acceleration, the effect of unheated starting length, 
and the effect the maturity of the boundary layer. An existing 
curvature model was tested against this broad heat 

transfer data bi.:se to determine where it could appropriately be 
used for heat transfer predictions, S.L 


N82-19496*/^ Oklahoma State Univ., Stillwater. School of 
Mechanical and Aerospace Engineering. 

INVESTIGATIONS OF FLOWFIELDS FOUND IN TYPICAL 
COMBUSTOR GEOMETRIES Semiannual Status Report. 
1 Aug. 1981 - 31 Jan. 1982 

D. G. Lilley 31 Jan. 1982 138 p refs 
(Grant NAG3-74) 

(NASA-CR- 168585; SASR-3) Avail: NTIS HC A07/MF AOl 
CSCL20D 

Measurements and computations pre being applied to an 
axisymmetrlc swirling flow, emerging from swirl vanes at angle 
phi, entering a large chamber test section via a sudden expansion 
of various side-wali angles alpha. New features are: the turbulence 
measurements are being performed on swirling as well as 
nonswiriing flow; and all measurements and computations are 
also being performed on a confined jet flowfield with realistic 
dv)wnstream blockage Recent activity falls Into three categories: 
(1) Tima-mean flowfield characterization by five-hole pitot probe 


N82*19498^/)f United Technologies Research Center, East 
Hartford, Conn. 

MASS AND MOMENTUM TURBULENT TRANSPORT 
EXPERIMENTS WITH CONFINED COAXIAL JETS Interim 
Report. IS Feb. - 18 Oct. 1961 

B. V, Johnson and J. C. Bennett Nov. 1R81 157 p refs 
(Contract NAS3-22771) 

(NASA-CR-1 65574; R81-915540*9) Avail: NTIS 

HC A08/MF AOl CSCL 20D 

Downstream mixing of coaxial jets discharging in an expanded 
duct was studied to obtain data for the evaluation end Improve^ 
menl of turbulent transport models currently used in a variety 
of computational procedures throughout the propulsion comrTtunity 
for combustor flow modeling. Flow visualization studies showed 
four major shear regions occurring: a wake region immediately 
downstream of the tnnet jet Inlet duct: a shear region further 
downstream between the Inner and annular jets: a recirculation 
zone: and a reattachment zone. A combination of turbulent 
momentum transport rate and two velocity component data were 
obtained from simultaneous measurements with a two color laser 
velocimeter (LV) system. Axial, radial and azimuthal velocities 
and turbulent momentum transport rate measurements In the 
r-z and r-theta planes wore used to determine the mean value, 
second ceritral moment (or rms fluctuation from mean), skewness 
and kurtosis for each data set probability density function (p.d.f,). 
A combination of turbulent mass transport rate, concentration 
and velocity data were obtained system. Velocity and mass 
transport In all three directions as well as concentration 
distributions were used to obtain the mean, second central 
moments, skewness and kunosis for each p.d.f. These LV/LIF 
measurements also exposed the existence of a large region of 
countergradient turbulent axial mass transport In the region where 
the annular jet fluid was accelerating the inner jeV fluid. S,L 


N82-22465^lJi Georgia Inst, of Tech,, Atlanta. School of 
Aerospace Engineering. 

A NEW NUMERICAL APPROACH FOR COMPRESSIBLE 
VISCOUS FLOWS Final Report 

J, C. Wu and S. G. Lekoudis Mar. 1962 105 p refs 
(Grant NsG-3307) 

(NA3A-CR-1 68842; NAS 1,26:168842) Avail: NTIS 

HC A06/MF AOl CSCL 20D 

A numerical approach for computing unsteady compressible 
viscous flows was developed. This approach offers the capability 
of confining the region of computation to the viscous region of 
the flow. The viscous region Is defined as the region where the 
vortlcity Is nonnegllgible and the difference In dilatetion between 
the potential flow and the real flow around the same geomet 
is also nonnegllgible. The method was developed and testr 
Also, an application of the procedure to the solution of th. 
steady Navler-Stokes equations for Incompressible Internal flows 
is presented, B.W. 


N82-22458*^ United Technologies Research Center. East 
Hartford, Conn. 

TURBOFAN FORCED MIXER-NOZZLE INTERNAL FLOW- 
FIELD. VOLUME 1; A BENCHMARK EXPERIMENTAL 
STUDY Final Report 

Robert W. Paterson Washington NASA Apr, 1982 131 p 

refs 3 Vol, 

(Contract NAS3-20951) 

(NASA-CR-3492; NAS 1 .26:3492) Avail: NTIS 

HC A07/MF AOl CSCL 20D 

An experimental Investigation of the flow field within a model 
turbofan forced mixer nozzle Is described. Velocity and thermody- 
namic state variable data for use in assessing the accuracy and 
assisting the further development of computational procedures 
for predicting the flow field within mixer nozzles are provided. 
Velocity and temperature data suggested that the nozzle .mixing 


90 


ORIGINAL PAGE 8S 

OF POOR QUALITY 


procflst was dominatod by clrcuiatfons (secpndafy flows) of a 
langth scata on tha ordar the ioba dlmansions which ware 
aasociatad with strong radial valocitlas obsarvad near the lobe 
axit plana, Tha 'benchmark* modal mixer experiment conducted 
for coda assessment purposes Is discussed, N,W. 


Nt2-22469*| United Technologies Research Center, East 
Hartford, Conn. 

TURBOFAN FORCED MIXER-NOZZLE INTERNAL FLOW- 
FIELD. VOLUME 2: COMPUTATIONAL FLUID DYNAMIC 
PREDICTIONS Final Report 

M, Jr Warie and V. N. Vasta Washington NASA Apr, 1982 
90 p refs 3 VoL 
(Contract NAS3-20981) 

(NASA-CR-3493;NAS 1.26.3483) Avail? NTIS HCA05/MF AOl 
CSCL 200 

A general program was conducted to develop and assess a 
computational method for predicting the flow properties in a 
turbofan forced mixed duct. The detail assessment of the resulting 
computer code Is presented. It was found that the code provided 
excellent predictions of the kinematics of the mixing process 
throughout the entire langth of the mixer nozzle, The thermal 
mixing process between the hot core and cold fan flows was 
found to be well represented In the low speed portion of the 
flowfleld. N.W. 


N92-22460*| United Technologies Research Center. East 
Hartford Conn. 

TURBOFAN FORCED MIXER-NOZZLE INTERNAL FLOW- 
FIELD. VOLUMES: A COMPUTER CODE FOR 3-D MIXING 
IN AXI8YMMETRIC NOZZLES Final Report 

J. P. Kreskovsky. W, R. Briley, and H. McDonald Washington 
NAidA Apr. 1982 129 p refs rrepefed in eocperiticn with 

Scientific Research Associatod, lnc„ Glastonbury, Conn. 3 Vol. 
(Contract NAS3-20951) 

(NASA-CR-3494; NAS 1.26:3494: R81-912929) Avail: NTIS 
HC A07/MF AOl CSCL 20D 

A finite difference method Is developed for making detailed 
predictions of three dimensional subfdnic' turbulent flow in turbofan 
ioba mixers. The governing equations are solved by a forward- 
marching solution procedure which corrects an inviscfd potential 
flow solution for viscous and theimal effects, secondary flows, 
total pressure distortion and losses, internal flow blockage and 
pressure drop. Test calculations for a turbulent coaxial ]et flow 
verify that the turbulence model performs satisfactorily for this 
relatively simple flow. Lobe mixer flows are presented for two 
geometries typical of current mixer design. These calculations 
included both hot and cold flow conditions, and both matched 
and mismatched Mach number and total pressure !n the fan 
and turbine streams. N.W. 


NB2-24462*)(i Southwest Research Inst., San Antonio, Tex. 

STUDY OF VAPOR FLOW INTO A CAPILLARY ACQUISI- 
TION DEVICE Final Report 

Franklin T. Dodge and Edgar B. Bowles Apr. 1982 64 p refs 
(Contract NAS3-22664) 

(NASA-CR-1 67883: NAS 1.26:167883: SuRI02-6369) Avail: 
NTIS HC A04/MF AOl CSCL 20D 

An analytical model was developed that prescribes the 
conditions for vapor flow through the window screen of a start 
basket. Several original submodels were developed as part of 
this model. The submodels interrelate such phenomena as the 
effect of interna) evaporation of the liquid, the bubble point change 
of a screen in the presence of wicking, the conditions for drying 
out of a screen through a combination of avaporation and 
pressure difference, the vapor inflow i(«:te across a wet screen 
as a function of pressure difference, and the effect on wicking 
of a difference between the static pressure of ths liquid reservoir 
and the surrounding vapor. Most of these interrelations were 
verified by a series of separate effects tests, which were also 
used to determine certain empirical constants in the models, 
Tha equations of the model were solved numerlcatly for typtca! 
start basket designs, and a simplified start basket was constructed 
to varify the predictions, using both volatile and nonvolatile test 
liquids. The test results verified the trends predicted by the 
model. S.L. 
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M82-27686*# Fiirmsyiyania Stata Univ., Udivorsity Pmrk. 
Tdr^wmedifnery tab 

THREE DIMENSIONALFLdW field INSIDE edMPRIEiSC^R 
IHOYOR. including il>Di f|)UNPAAV UYERS Mmmtmfh 
f9U0l Progress Report 

J, M. GsImes, Ppuagore, and 19B2 

78 p refs 
(Grant NsO-3266) 

(NASA-CR-1 691 20; NAS f.26; 169120: PSU/T(iib©/fl2-4| AvbH: 
NTIS HC A03/MF AOl CSCL 2(30 

The Reynolds stress equation, pressuf# strain correfai^n, amd 
dissipative terms and diffusion are discussed m rp|§tlon W 
turbulence modelling using the Reynolds stress model. Aldebrsic 
modeling of Reynolds stresses and calculation of the boundary 
layer over an axial cylinder are examined with regards to the 
kinetic energy model for turbulence modelling. The numerical 
analysis of blade and hub wall boundary layers, and an experiment 
tal study of rotor blade boundary layer in an axial flow compressor 
rotor are discussed. The Patankar-Spalding numerical method 
for two dimensional boundary layers is included. A.R.H. 


N82-31638*j{^ Connecticut Univ,, Storrs. Dept, of Mechanical 
Engineering. 

TURBINE ENDWALL SINGLE CYLINDER PROGRAM S«mian- 
nual Status Report, 1 Jan. « 1 Jul. 1982 
Lee S, Langston 1 Jul. 1982 50 p refs 
(Grant NsG-3238) 

(NASA-CR-1 69278; NAS 1.26:169278) Avail; NTIS 
HC A03/MF AOl CSCL 20D 

Detailed measurement of the flow field In front of a large-scale 
single cylinder, mounted in a wind tunnel Is ‘discussed. A better 
understanding of the three dimensional separation occurlng In front 
of the cylinder on the endwali, and of the vortex system that Is 
formed 1$ sought. A data base with which to check analytical and 
numencal computer models of three dimensional flows Is also 
anticipated. Author 


N82-31639*# City »C?oll. Research Foundation, New York. Turbo- 
machinery Lab. 

EXPERIMENTAL STUDY OF TURBULENCE IN BLADE END 
WALL CORNER REGION 

R. Raj Aug. 1982 110 p refs 
(Grant NAG3-1 22) 

(NASA-CR-1 69283; NAS 1.26:169283; RF-05438) Avail: NTIS 
HC A06/MF AOl CSCL 20D 

Corner flows arpd wall pressure fluctuations, design and 
fabrication of the test model, preliminary results on boundary layer, 
flow visualization, turbulence intensity and spectra measurements 
are presented. The design consideration and fabrication report on 
the newly built wind tunnel to be used for subsequent continuation 
of the research effort is also presentid. S.L. 


N82-31641*# Cornell Univ., Ithaca, N. Y, Energy Program. 

EXHAUST GAS MEASUREMENTS IN A PROPANE FUELED 
SWIRL STABILIZED COMBUSTOR 

M. S. Aanad Aug. 1982 177 p refs 
(Grant NsG-3019) 

(NASA-CR-1 69293; NAS 1.26:169293; E-82-4) Avail: NTIS 
HC A09/MF AOl CSCL 20D 

Exhaust gas temperature, velocity, and composition are 
measured and combustor efficiencies are calculated in a lean 
premixed swiri similized laboratory combustor. The radial profiles 
of the data between the co- and the counter swirl cases show 
significant differences. Co-swiri cases show evidence of poor 
turbulent nriw.ing across the combustor in comparison to the 
counter-swirl cases, NO sub x levels are low in the combustor 
but substantial ariidunts of CO are present. Combustion efficiencies 
are low and surprisingly constant with varying outer swirl in 
contradiction to previous results under a slightly different inner 
swir! condition. This difference in the efficiency trends Is expected 
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to be a result of tho high sensitivity of the combustor to Cftanfles 
In the Inner swirl* Combustor operation Is found to be the same 
for propane and methane fuels. A mechanism Is proposed to explain 
the combustor operation and a few important characteristics 
determining combustor efficiency are identifiedr J.D. 


Mi2-3ie42*# Cornell WK Ithaca, N. Y. 

FLOW PROCESS IN COMBUSTORS 
F* C. Gouldin Jun. 1982 16 p refs 
(Grant NsG-3019) 

(NASA-CR-1 69294; NAS 1.26:169294) Avail: NTIS 

HC A02/MF A01 CSCL 20D 

Fluid mechanical effects on combustion processes (n steady 
flow combustors, especially gas turbine combustors were investi- 
gated. Flow features of most interest were yortlcity, especially 
swirl, and turbulence. Theoretical analyses, numedcat calculations, 
and experiments were performed. The theoretical and numerical 
work focused on noncombusting flows, while the experimental work 
consisted of both reacting and nonreacting flow studies. An 
experimental data set, e.g., velocity, temperature and composition, 
was developed for a swirl flow combustor for use by combustion 
modelers for development and validation work. J.D. 


N82-31843*# Oklahoma State Univ., Stillwater. School of 
Mechanical and Aerospace Engineering. 

INVESTIGATIONS OF FLOWFIELDS FOUND IN TYPICAL COM- 
BUSTOR GEOMETRIES Semiannual Statue Report, 1 Feb. - 
31 Jul. 1962 

David Q. Ulley 31 Jul. 1982 252 p refs 
(Grant NAG3-74) 

(NASA-GR- 169295; NAS 1.26:169295; SASR-4) Avail: NTIS 
HC A12/MF A01 CSCL 20D 

ixpenmental and theoretical research undertaken on 2-D 
axlsymmetrlc geometries under low speed, nonreacting, turbulent, 
swirling flow conditions Is reported. The flow enteors the test section 
and proceeds into a larger chamber (the expansion ratio D/d = 
2) via a sudden or gradual expansion (sidewall angle alpha = 90 
and 45 degrees). Inlet swirl vanes are adjustable to a variety of 
vane angles With values of phi - 0, 38, 45, 60 and 70 degrees 
being emphasized. Author 


Ad2*10961 * # A hMt exchinger computetionil procedure for 
tempfrature*dfpend«nt fouliii>g. L. M. Chiappetta and E, J. Szeteta 
(United Technologies Research Center, E&st Hartford, CT),Amer/can 
Society of Mechanical Engineers and American Institute of Cherhlcal 
Engineers, National Heat Transfer Confeff:nce, 20th, Milwaukee, Wl, 
Aug. 2S, 198t, ASME Paper 8 p. 14 refs. Members, 

$2.00; nonm6mters,$4.00. Contract No. NAS3*21 971, 

A novel heat exchanger computational procedure is described 
which provides a means of rapidly calculating the distributions of 
fluid and wall temperatures, deposit formation, apd pressure loss at 
various points In a heat exchanger. The procedure is unique In that It 
1$ capable of treating wide variations In heat exchanger geometry 
without recourse to restrictive assumptions concerning heat exchang- 
er type (e,g„ co-flow, cOUnterflow, cross floyv devices, etc.). The 
analysis has been used extensively to predict the performance of 
crpss-counterflow heat exchangers In which ore fluid behaves as a 
perfect gas (e.g.. air) while the ether fluid is assumed to be a distillate 
fuel, The model has been extended to Include the effects on heat 
exchanger performance of time varying inflow conditions. Heat 
exchanger performance degradation due to deposit formation with 
time can be simulated, making this procedure useful In predicting the 
effects of temperature-dependent fouling. (Author) 


API- ^ # Turbulent boundary layer heat transfer experi- 
mbi.ir A separate effects study ori a convexly-curyed wall. T, W. 

Simon (Minnesota, University/ Minneapolis, MN) and R, J. Moffat 
(Stanford University, Stanford, CA), American Society of Mechanh 
cal Engineers and American Institute of Chemical Engineers, Nation- 
ai Heat Transfer Conference, 20th, Milwaukee, Wh Aug. 2-5, 1^1, 


ASM^ Paper 8hHT-?8 , 10 p, 30 refs. Members, $2,00; nonmembers, 
$4.00. Grants No. NsG«3 124; No, NAG3-3, 

Surface heat tiinsfer rates ha'^e been measured for several 
different flows on an Isothermii, convexly curved surface, The 
freestream velocity, boundary layer thieltness, acceleration param^ 
eter, and unheated starting length were varied systematically, and 
both turbulent and transitional boundary layers were studied. The 
effect of convex curvature on heat transfer rates Is significant with 
Stanton numbers reduced 20*25% below flat wall values for the same 
enthalpy thickness Reynolds number. Heat transfer rates recovered 
slowly on a flat wall downstream of the curved w^l, and after 60 cm, 
the Stantpn numbers were still 15-20% below flat wall values. The 
behavior of the boundary layer suggests the existence of an 
asymptotic condition. Boundary layer thickness, freestream velocity, 
and boundary layer maturity affect the Initial response to the 
introduction of curvature and the rate atyvhlch the asymptotic state 
is approached. Convex curvature appears to Increase the boundary 
layer's sensitivity to accolcratlon;lt also delays and retards transition, 
Near-laminar or early* transition a! boundary layers recover from 
curvature rapidly, whereas iate-transltlon at and mature boundary 
layers recover slowly, J.F- 


N62-ri390*| SHD Associates, Inc., Evanston. III. 

SURFACE-TENSION INDUCED iNSTASIUTIESt EFFECTS 
OF LATERAL BCUNDARIE6 Firwf Report 

S. Rostnblat. S. M- Davis, and G. M, Hornsy Jun. 1981 130 p 
refs 

(Contract NAS3-22274) 

(NASA-CR-1 65530) Avail: NTIS HC A07/MF A01 CSCL 
20D 

Convef^tipn in circular and rectangular cylinders Is analyzed. 
The equations and boundary conditions are formulated. 

and rv^niinaar stability theory are considered, and the 
physterl )hi;^licatlons of the theory are dtacussed, J.O.H. 


A82*13396'^' Eigen value! of the R£yfalgh-Blnard and 

Marar^goni problami. S. Rosenblat, G, M. Hpmsy, and S. H. DavIs 
(SHD Associates, Inc,, Evanston, IL). Physics of Fluids, vol. '24, Nov. 
1981, p. 2115-21 17. Contract No. NAS3-22274. 

The eigenvalues of the linear B4nard-Marangonl stability prob- 
lem are discussed. Pearson and Nield boundary conditions, which 
correspond to a rigid, isothermal lower bouridary and a stress-free 
conducting upper boundary are considered. It Is shown that although 
a critical value of the MarangonI number can be determined; the 
number Is not, strictly speaking, an eigenvalue and cannot be used as 
an eigenvalue parameter for the determination of an eigenvector set, 

D.L.G. 


A82-17824 * jj Mean flowfieldt In axi*ymmetric combuitor 
gaometriei with swirl. D. L. Rhode, D. G„ LMley fOklahoma State 
University, Stillwater, OK), and D. K. McLaughlin (Dynamics 
Technology, Inc., Torrance, CA), American Institute of Aeronautics 
and Astronautics, Aerospace Sciences Meeting, 20th, Orlando, FL, 
Jan. 1h14, 1982, Paper 82-01 77. A4 p. 3l refs. Grant No. NAG3-74. 

Six flowfield configurations are Investigated with sidewall angles 
of 90 and 45 deg, and swirl vane angles of 0, 45, and 70 deg. It Is 
found that central recirculation zones occur for the swirlirig flow 
cases Investigated, which extend from the Inlet te x/D = 1.7, where x 
is the axial polar Coordinate, and D Is the test section diameter* 
Five-hole pitot probe pressure measurements are used to determine 
time-mean Velocities, and corresponding flow situations are predicted 
and compared to results of experimental data. Excellent agreenrwnt Is 
found for the nonswirllng flow, although poor agreement Is found 
for swirling flow cases, especially near the Inlet. The discrepancy Is 
attributed to the lack of realism in the turbulence model, and/or to 
Inaccurate specification of time-mean velocity and turbulence energy 
distributions at the inlet. D.L^G. 


A82- 17880 * H Atomization and obmbuition properties of 
flashing injectors. A. S. P. Solomon , S. D. Rupprecht (Pennsylvania 
State University, University Park; Westinghouse Research Laborato- 
ries, Monroeville, PA), L.-D. Chen, and G. M- Faeth (Pennsylvania 
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State UnWeriUy^ Univqriity Park, PAK American Institute of 
Aeronautics and Astronautics, Aerospace Sciences Meeting, 20th, 
Orlando, FL, Jon, 1 hi 4, 1982, Paper 820J00. \ \ p. 29 refs. Grant 
No.NjG-3306. 

Flashing lnjectior> Involve expiwidfng a fluid through an Inlector 
until a lupcrsaturatod state is reached, causing a porilon of the fluid 
to flesh to fl vapor* This In.'vos^lgatlon considered the flow^ 
atomization and spreading properties of flashing Injectors flowing 
liquids containing dissolved gases (Jiut A/air) as well as superheated 
liquids (Freon 11}* The use of a two stage expansion process, 
separated by on expansion chamber,, was found to be beneficial for 
good atomization properties of flashing Injection • particularly for 
dissolved gas systems, Both locally homogeneous and separated flow 
models provided good predictions of injector flow properties. 
Conventional correlations for drop sizes from pressure atomized and 
airblast injectors were successfullv modified, using the separated flow 
model to prescribe Injector exit conditions, to correlate drop size 
measurements. Additional experimental results are provided for 
spray angle and combustion properties of sprays from flashing 
Injectors, (Author) 


A82-23832 * H Solutions of tihe compressible Navier'Stqlces 
equations using the integral method, IM, EiBefaee, J, C, Wu, and 
S, G, Lekoudis (Georgia Institute of Technology, Atlanta, GA), 
(American institute of Aeronautics md Astronautics^ Aerospace 
Sciences Meeting, 19th, St Louis, MO, Jan, 12^15, 1981, Paper 
8h0046,} A! AA Journal, vol, 20, Mar, 1982, p. 356*362. 16 rofs. 
Grant No. NsG.3307. 

The integral representation method was used to obtain numerl* 
cal solutions of the compressible, unsteady, two-dimensional Navier* 
Stokes equations for subsonic flows. The equations were Written 
with the vorticity, the dilatation, the density, and the enthalpy as the 
dependent variables. The method was tested by solving the following 
prpblemsr the flow over a fiat plate, around a circular cylinder, and 
around a Jpukowskl airfoil, The last two problems Involved massive 
flow separation, The approach offers the capability of confining the 
domain of computations to the region where two quantities, the 
vorticity and the difference in dilatation between the real flow and 
the potential flow around the body, are non*negligible. (Author) 


A82*24748 * Numerical analysis of confined turbulent flow. 

A. Lin (Cincinnati, University, Cincinnati, OH) and H. Weinstein 
(City College, New York, NY). Computers and Fluids, vol, 10, no, 1, 
1982, p. 27*50. 25 refs. GrantNo. NsG*3174. 

The considered investigation is concerned with the development 
of an efficient computational method for obtaining a physical 
understanding of an internal turbulent field. The employed approach 
makes use of a 'two equation' type model for the turbulence to 
obtain the numerical solution of a two-dimensional confined 
turbulent flow. The mean flow governing equations are considered 
along with the governing equation of the mean temperature «qd 
concentrations, and the boundary conditions. The numerical 
dure for solving the turbulent flow Is discussed, taking in^o 
an approximation to the nonlinear terms, and the Inner dUter 
coupling. Attention is given to a stability convergence analysis, the 
stability characteristics, and computational examples, G.R. 


A82*27000* Numerical modelling of turbulent flow In a 

combustion tunnel. A. F. Ghonlem, A. J. Chorln, and A. K. 
Oppenhelm (California, University, Lawrence Berkeley Laboratory, 
Berkeley, CA). Royal Society (London), Philosophical Transactions, 
Series A, vol. 304, no. 1484, Mar. 9, 1582, p. 303*325. 21 refs. 
Contract No. W-7405-eng-48; Grant No. NsG*3227, 

A numerical technique Is presented for the analysis of turbulent 
flow associated with combustion. The technique uses Chorin's 
random vortex method (rvm), an algorithm capable of tracing the 
action of elementary turbulent eddies and their cumulative effects 
without Imposing any restriction upon their motion. In the past, the 
rvm has been used with success to treat nonreacting turbulent flows, 
revealing In particular the mechani^:s of )arge*scale flow patterns, the 
so-called coherent structures. Introduced here is a flame propagation 
algorithm, also developed by Chorln, in conjunction with volume 
sources modelling the mechanical effects of the exothermic process 
of combustion. As an Illustration of Its use, the technique Is applied 
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to flow in a combMition tunnel vyhere the flame 1$ stabilized by a 
back'fadng step. Solutions for both nonreacting and reacting flow 
fields are obtained which satisfactorily describe the essentia) features 
of turbulent combustion In a lean propane*alr mixture that were 
observed In the laboratory by means of high speed Schlleren 
photography. (Author) 


A82*31445 Natural convection with combined driving 

forces. S. Ostrach (Cass Western Reserve University, Cleveland, OH I* 
PCH/PhysicoChemical Hydrodynamics, vol, 1, no. 4. 1980, p. 
233^247. 29 refs. Grant No. NsC*3221 . 

The problem of free and natural convection witJi combined 
driving forces Is considered In general and all possible configurations 
are Identified. Dimensionless parameters are discussed In order to 
help categorize the various problems, and existing work Is critically 
evaluated. Four distinct cases are considered for conventional 
convection and for the situation when the body force and the 
density gradient are paratlot but opposed. Considerable emphasis Is 
given to unstable convection in horizontal layers. C.D, 


A82-31908 * Tube entrance heat tranifer with deposit 
formation. E. J. Szetela and D. R. Sobe) (United Technologies 
Research Center, Ea5t Hartford, Cl), American institute of Aero- 
nautics and Astronautics and American Society of Mechanical 
Engineers, Joint Thermophysics, Fluids, Plasma and Heat Transfer 
Conference, 3rd, St Louis, MO, June 7-11, 1982, A! A A Paper 
82-0918,. 7 p. 21 refs. Contract No. NAS3-2197 1 . 

A two'peak wall temperature profile was observed while flowing 
a kerosene*tvpe gas turbine fuel through a direct*reslstance heated 
tube at an entrance Reynolds number of about 15CX), The down- 
stream peak gradually diminished as deposits formed inside the tube, 
and only one peak remained after seven hours. The observation Is 
explained qualitatively on the basis of analytical and cxpcrimsfita! 
results reported in the literature. It Is shown that the temperature 
profile can be divided Into five regions: development of the thermal 
boundary layer, appearance of the secondary flows* fully developed 
therma! boundary layer, transition to turbulent flow, and turbulent 
flow. Deposits increase the tube roughness and reduce the length 
required for laminar-turbulent transition. V.L. 


A82-32225 * Effects of internal heat tr^msfer ori the struct 

ture of self-similar blast waves- A. F. Ghonlem, S. A, Berger, A. Hv, 
Oppenheim (California, University, Berkeley, CA), and M. M. Kamel 
(Cairo University, Cauc), Egypt). Journa/ of Fluid Mechanics, vol, 
117, Apr. 1982, p. 473-491. 19 refs. NSF Grant No. ENG-78-12372; 
Con4^>rt No. VA7405-ENG-48; Grant No. NAG3-131. 

An analysis of th& p<^pblem of SRlf-simllar, nonadlabatic blast 
waves, |;oth C-^nduttf^on and radiation are allowed to take 

tj be reducible to th<t Integratjpn of a 
system of six coupled nonlinear ordinary diffei'ential equations. 
Consideration of these equations shows that although radiation tends 
to produce uniform fields through temperature gradient attenuation, 
all the energy carried by radiation Is deposited on the front and the 
bounding shock becomes Increasingly overdriven. When conduction 
is taken into account, the distribution of gasdynamlc parameters in 
blast waves In the case of Rosseland diffusion radiation is more 
uniform than In the case of the Planck emission radiation, O.C, 


A82-3S043 * # Bluff-body flamoholdcr wakot - A simpio numerical so- 
lution. G. H. Vatlstas, S. Ljn, C. K. Kwok (Concordia University, Montreal, 
Canada), and D. G. Ulley (Oklahoma State University, Stillwater-, OK). AIAA, 
SAE, and ASME, Joint Propulsion Conference, 18th, Cleveland, OH, June 2h23, 
1982, AfAA Paper 82^1 177 . 7 p. 22 refs. National Research Council Grant No, 
A-743S: Grant No, NAG3-74, 

Numerical finite difference predictions are .made of recirculation zones behind 
bluff-body flame stabilizers, showing quantitatively the effects of forebbdy 
geometry, blockage ratio, lateral position of the blockage and inlet swirl on the 
central recirculation zone, A simple transient Navier-Stokes splutipn algorithm 
and laminar flow simulation are used with 'free slip' and 'no slip' wall boundary 
conditions, thus illustrating how a basic approach may be used to solve a sophis- 
ticated fluid dynamic problem. (Author) 



At2*37710 * # Turt>ultnc« m«aturftm«nts in a confinad fat using a six- 
orlantation hot-wka proba tachniqua. S I Janjua, D. K. McLaughlin (Dynam* 
Ic3 Technology, Inc,, Torrance, CA), 0, G, Ulley (Oklahoma State University, 
Stillwater, OK), and T. Jackson. AtAA, SAE, and ASMEt Joint Propuisfon Confef^ 
^nce, teth, Cleveland, OH, June 21 •23» 1982, AIAA Paper 82*1 262. 22 rats. 

Tcntract No, NAG3-74, 

The six-orientaticn hot-wire ted^nlg'je Is applied to nonreacting axisymmetric 
<’0Wfieids, obtaining measurements o;' time-mean and rms voltages at six dif^ 
i^>rent orientations, thus providing enougii Information to determine the time-mean 
I elocities, turbulence intensUies, and shear stresses* At eac^ location )n the flow, 
Jiere are six different values of each of the above quantn^es that can be obtained 
using six sets of measurements of three adjacent orientations* Flowfield surveys 
of both sv^riing and nonswlrllng confined jets are used to calculate estimates of 
the mean velocity components and the normal and shear turbulent stresses, and 
comparisons with independent data are made, A sondtlvlty analysis of the data 
reduction technique demonstrates that the largest uncertainties are to be ex- 
pected In turbulent shear force estimates* C,D. 


als* incremental successive substitution (ISS) and Newton-Baphson (NR) proce- 
dures are treated as extrapolation schemes ViHdh have solution projections 
bounded by a hyperline with an externally applied thermal load vector arising 
from Internal heat generation and boundary conditions* Closed constraints are 
formulated which improve the efficiency and stability of the procedures by em- 
ploylog closed ellipsoida! uurface^ to control the size of successive iterations* 
Governing liquations are defined for nonlinear finite element models, and com- 
parisons are made of results using the the new method and the iSS and NR 
schemes (or epoxy, PVC, and CuQe, 


A82-39S01 * Nonlinear MarangonI convection in bounded la)rera* I - 
Circular cylindrical containara. II - Rectangular cylindrical contalnara. S* 

Rosenblat, S, H. Davis, and G. M. Homsy (SHD Associates inc., Evanston, IL). 
Journal of Fluid Mechanics, vol, 120, July 1982, p* 91-138* 25 refs. Contract No. 
NAS3-22274, 

Liquid undergoing nonlinear Marangonl Instability in a circular cylinder is exam- 
ined, with attention given to roll-cell develor'ment and Interaction* Surface deflec- 
tions are neglected and the side want are considered as adiabatic and 
impenetrable, allowing the ilquid to freely slip* The nonlinear convective states are 
calculated and their stability Is defined* he behavior and amplitude of celis 
forming in the liquid, heated from below, . modeled in order to derive all the 
transport properties. A new small parametet \ formulated which is related to the 
critical Marangonl number of the infinite matrix expressing the eigenvalue expan- 
sion of the problem. The observed roll cell amplitudes and transport properties 
are shown to be available from simple eigenvalues, with double eigenvalues, 
indicating the existence of two roll-states as predicted by linear theory, nonlinear 
iheory •r.'i'cates transitions from one steady convective state to another* 

M.S.K* 
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A82-41 203 * # Buoyancy affects on the tamparMure field in downward 

•praading flames* R. A. Aitenkirch, D. C* Winchester, and R. Eichhorn (Ken- 
tucky, University, Lexington, KY). ASME, Transactions, Journal of Heat Transfer, 
voi. 104, Aug. 1982, p. 560-563* 8 refs* Grant No* NsG-3114* 

It is shown that flames which spread vertically down thermally thin fuels at the 
same DamkOhler number, and therefore have the same dimensionless spread 
rate, also have the same dimensionless terr>'perature fields Irrespective of differ- 
ences In physical size. The Frey and Tien (1 976) effects of pressure on flame size 
are due to the effects of pressure on the character of the induced buoyant flow. 

O.C. 


A82-44782 ** # Flow aerodynamics modeling of an MHD swirl combus- 
tor - Catculattona and experimental verification. A. K. Gupta, J. M* Geer, J. 
F. Louis (MIT, Cambridge, MA), A. A. Busnalna, and D. G. Ulley (Oklahoma State 
University, Stillwater, OK). ASME, Transaef/ons, Journal of Fluids Engineering, 
vol* 104, Sept. 1982, p, 385-391; Discussion, p. 391 , 392. 18 refs. Contract No. 
DE-AC01-79ET-15518; Grant No. NAG3-74* 

This paper describes a computer code for calculating the flow dynamics of 
constant density flow In the second sta^a trumpet shaped nozzle section of a two 
stage MHD swirl combustor for application to a disk generator* The primitive 
pressure-velocity variable, finite diherence computer code has been developed 
to allow the computation of Inert nonreasting turbulent swirling flows in an axisym- 
metrlc MHD model swirl combustor. The method and program Involve a stag- 
gered grid system for axial and radial velocities, and a line relaxation technique 
for efficient solutiw of ti e equations, Turbulence simulation is by way of a two- 
equation Kappa-epsilon model. The code produces as output the flowfield map 
of the nondlmenslonal stream function, axial, and swiri velocity. Good agreem-Bvit 
was obtained between the theoretical predictions and the qualitative experimen- 
tal results* The best seed injector location for uniform seed distribution at com- 
bustor exit Is with Injector located centrally on the combustor axis at entrance to 
the second stage combustor. (Author) 


A82-45157 * Self-adaptive closed constrained solution algorithms 
for nonlinear conduction. J. Padovan and S. Tovichakchaikul (Akron. Univer- 
sity, Akron, OH), Numerical Heal Transfer, vol. 5, July-Sept, 1982, p. 253-274. 
10 refs. Grant No. NAG3-54. 

Self-adaptive solution algorithms are developed for nonlinear heat conduction 
problems encountered In analyzing materials for use In high temperature or 
cryogenic conditions. The nonlinear effects are noted to occur due to convection 
arid radiation effects, as well as teniperature-dependent prooerties of the materi- 
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35 INSTRUMENTATION AND 
PHOTOGRAPHY 

Includes remote sensors; measuring instruments and 
gages; detectors; cameras and photographic supplies; and 
holography* 

For aertel photography see 43 Earth Resources. For 
related Information see d\so 06 Aircraft frjstnjmentatlon, and 
19 Spacecraft Instrumentation. 


Naa-14494*# National Aeronautics and Space Administration, 
lewis Research Center, Cleveland, Ohio. 

AN EXPERIIMENTAl INVESTIGATIO;^ INTO THE EEA6IBIL- 
ITY OF A thermoelectric HEAT FlUX GAGE 

Jan C. Jones (Tri State Univ.) and G. James VanFossen, Jr. 
Dec. 1981 17 p refs 

{NASA-TM-82755; E-1071) Avail; NTIS HC A02/MF A01 
CSCL 14B 

An experiment was conducted to determine the feasibility 
of using a commerically available thermoelectric device as a 
heat flux gage. In certain research applications, the thermoelectric 
heat flux gage can provide a relatively simple means to model 
a warm fluid-cold wall. The experiment showed that heat flux 
through the gage could bo corrntated within two percent to the 
applied thermoelectric current through the device and the hot 
and cold side temperature with a simple algebraic equation. 

Author 


A Pockets effect cell using a 75 cu cm DK^P crystal was 
developed and used as a gas flow simulator* Index of refraction 
gradients were produced in the ceil by the fringing fields of 
parallel plate electrodes. Calibration curves for the device were 
obtained for index of refraction gradients Jn excess of 
,00025 m S.l. 


N82*28605*;^ National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio 

LASER ANEMOMETER USING A FABRY-PEROT INTERFER- 
OMETER FOR MEASURING MEAN VELOCITY AND 
TURBULENCE INTENSITY ALONG THE OPTICAL AXIS \H 
TURBOMACHINERY* 

Richard G. Seasholtz anii Louis J. Goldman 1982 11 p refs 
Proposed for presertJtlon at the Winter Ann Meeting of the 
Am Soc of Mech. Lngr, Phoenix. Ariz., 14-19 Nov. 1982 
(NASA-TM-82841; E-1211; NAS 1 15;82841) Avail: NTIS 
HC A02/MF A01 CSCL 14B 

A technique for measuring a small opttcal axis velocity 
component in a flow with a large transverse velocity component 
is presented Experimental results are given for a subsonic free 
jet operating m a laboratory environment, and for d 0 508 meter 
diameter turbine stator cascade Satisfactory operation of the 
instrument was demonstrated in the stator cascade facility with 
an ambient acoustic noise level during operation of about 105 dB. 
In addition, the turbulence intensity measured with the interferom- 
eter was consistent with previous measurements taken with a 
fringe type laser anemometer T M 


N82-19521*/|l National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

HIGH-SPEED LASER ANEMOMETER SYSTEM FOR INTRA- 
ROTOR FLOW MAPPING IN fURBOMACHINERY 

J. Anthony Powell, Anthony J. Strazisar* and Richard G. Seasholtz 
Feb. 1982 22 p refs 

(NASA-TP.1683: E-276) Avail: NTIS HC A02/MF A01 CSCL 
14B 

A fringe-type laser anemometer with innovative features is 
described. The innovative features include: (II rapid, efficient 
data acquisition processes, (2) detailed graphic display of data 
being accumulated, and (3) input laser-beam positioning that 
allows greater optical access to the intrarotor region. Results 
are presented that demonstrate the anemometer's capability in 
flow mapping within a transonic axial-fiow compressor rotor. 

M.D.K. 


N82-22481*|{1 National Aerona utics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FRINGE LOCALIZATION REQUIREMENTS FOR T^REE- 
DIMENSIONAL FLOW VISUALIZATION OF SHOCK WAVES 
IN DIFFUSE-ILLUMINATION DOUBLE PULSE HOLO- 
GRAPHIC INTERFEROMETRY 

Arthur J. Decker Apr. 1982 45 p refs 
(NASA-TP-1868: NAS 1.60:1868; E-757) Avail: NTIS 
HC A03/MF A01 CSCL 14E 

A theory of fringe localization in rapid-doubte-exposure. 
diffuse-illumination holographic interferometry was developed. The 
theory was then applied to compare holographic measurements 
with laser anemometer measurements of shock locations in a 
transonic axial-fiow compressor rotor. The computed fringe 
localization error was found to agree well with the measured 
localization error. It is shown how the view orientation and the 
curvature and positional variation of the strength of a shock 
wave are used to determine the localization error and to minimize 
it. In particular, it is suggested that the view direction not deviate 
from tangency at the shock surface by more than 30 degrees. 

Author 


NB2-2361S*j)l National Aeronautics ond Space Administration. 
Lewis Research Center, Clevsib.id, Ohio. 

POCKEI.S-EFFECT CELL FOR GAS-FLOW SIMULATION 

David Weimer May 1982 ID p refs 

(NASA-TP-2007: E-1028; NAS 1.60:2007) Avail: NTIS 
HC A02/MF A01 CSCL 148 
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N82-31683*ii^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

DEVELOPMENT AND UTILIZATION OF A LASER VELOCiME- 
TER SYSTEM FOR A LARGE TRANSONIC WIND TUNNEL 
Robert J. Freedman and John P. Greissing Jun. 1902 17 p 
refs 

(NASA-TM-82886; E-1264; NAS 1.15:82886) Avail: NTIS 
HC A02/MF A01 CSCL 14B 

The need for measurements of the velocity flow field about 
spinner propeller nacelle configurations at Mach numbers to 0.8 
was met by a specially developed laser veioclmeter system. This 
system, which uses an argon ion laser and 4 beam 2 color optics, 
was required to operate in the hostile environment associated 
with the operation of a large transonic wind tunnel. To overcome 
the conditions present in locating the sensitive optics In close 
proximity to the wind tunnel, an isolation system was developed. 
The systfim protects the veioclmeter from the high vibrations, 
elevated temperatures, destructive acoustic pressures and low 
atmospheric pressures attendant with the operation of the wind 
tunnel. The system was utilized to map the flow field in front of, 
behind and in betw'een the rotating blades of an advanced swept 
blade propeller model at a Mach number of 0.8. The data collected 
by the system will be used to correlate and verify computer analyses 
of propeller nacelle flow fields and propeller performance. R.J.F. 


N82-31664*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

A DIGITAL OPTICAL TORQUEMETER FOR HIGH ROTATIONAL 
SPEED APPLICATIONS 

Daniel J. Lesco, Donald R. Bucheie, and Lawrence G, Oberle 
Aug. 1982 17 p refs 

(NASA-TM-02914; E-1189; NAS 1.15:82914) Avail: NTIS 
HC A02/MF A01 CSCL 14B 

A digital optical torquemeter system designed for applications 
at high rotational speeds was fabricated and tested for zero stability 
at speeds up to 20,000 rpm. Data obtained in a spin rig and with 
simulated Inputs demonstrate that the system is capable of 
measuring torque bar twist to within 0.03 degrees at speeds of 
30,000 rpm. The optical system uses fiber optic bundSes to transmit 
light to the torque bar and to silicon avalanche detectors. The 
system is microcomputer based and provides measurements of 
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average torque and torque as a function of angular shaft position. 
The torquemeter requires no bearings or other contact between 
the rotating torque bar and the nonrotating optics, and tolerates 
r\iovement of the torque bar as large as 1 mm relative to the 
optics. 


N82-32662*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EXTENDING THE FREQUENCY OF RESPONSE OF LIGHTLY 
DAMPED SECOND ORDER SYSTEMS: APPLICATION TO THE 
DRAG FORCE ANEMOMETER 

Gustave C. Fralick Aug. 1962 26 p refs 

(NASA-TM-82927; E-1178; NAS 1.15:82927) Avail: NTIS 

HCA03/MFA01 CSCL 14B 

It is shown that a conventional electronic frequency compensa- 
tor does not provide adequate compensation near the resonant 
frequency of a lightly damped second order system, such as the 
drag force anemometer. The reason for this Is discussed, and a 
simple circuit modification Is presented which overcomes the 
difficulty. The Improvement is shown In theoretical frequency 
response curves as well as in the experimental results from some 
typical drag force anemometers. Author 


NS2-32670*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

NEW VERSIONS OF OLD FLOW VISUALIZATION SYSTEMS 
Walton L, Howes In NASA. Langley Research Center Flow 
Visualization and Laser Velocimetry for Wind Tunnels Sep. 1982 
p 59-64 (For primary document see N82-32663 23-35) 

Avail: NTIS HC A16/MF A01 CSCL 14B 

A small, modified Mach-Zehnder Interferometer placed in series 
with a much larger schlleren optical system spanning the test 
section Is examined. In one arm of the interferometer, light from 
the schlieren is focused through a pinhole and recoliimating lens 
to produce a reference beam which interferes with the remaining 
object beam from the other arm. The object and reference beams 
are separated only over a small interval following the test section, 
and differential vibrations are greatly reduced.. Color schlieren has 
technical, as well as aesthetic, advantages over black-and-white 
schlieren. Since each color is associated with a specific amount 
of refraction, quantitative evaluation of certain refractive-index fields 
becomes possible using very simple equations derived from ray 
trace theory. Rainbow schlleren of an acetylene flame, and the 
evaluated refractive index distribution are shown. Root-mean- 
square refractive index fluctuations In homogeneous, isotropic 
turbulence were determined using the rainbow schlieren, since 
these fluctuations determine the root-mean-square refraction, which 
is Indicated by the overall color of the image. E.A.K. 


N62-32672*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

PROPELLER FLOW, VISUALIZATION TECHNIQUES 
Geor$;e L. Stefko, F. J. Paulovich, J. P. Greissing, and E. D. Walker 
fh Langley Research Center Flow Visualization and Laser 

Velocimetry for Wind Tunnels Sep. 1982 p 75-89 (For primary 
document see N82-32663 23-35) 

Avail: NTIS HC A16/MF A01 CSCL 14B 

Propeller flow visualization techniques were tested. The actual 
operating blade shape as it determines the actual propeller 
performance and noise was estabiished. The ability to photograph- 
icaiiy determine the advanced propeller blade tip deflections, local 
flow field conditions, and gain insight Into aeroeiastlC Instability is 
demonstrated. The analytical prediction methods which are being 
developed can be compared with experimental data. These 
comparisons contribute to the verification of these improved 
methods and give Improved capability for designing future advanced 
prop’^Hers with enhanced performance and noise characteristics. 


N62-32675*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FLOW VISUALIZATION OF SHOCK-BOUNDARY LAYER INTER- 
ACTION 

Warren B. HIngst and Mark Jurkovich /n NASA. Langley Research 
Center Flow Visualization and Laser Velocimetry for Wind Tunnels 
Sep. 1982 p 101-108 (For primary document see N82-32663 
23-35) 

Av^ik NTIS HC A16/MF A01 CSCL 14B 

Two and three-dimensional shock-boundary layer interaction 
data were obtained from supersonic wind tunnel tests. These 
interactions are studied both with and without boundary layer bleed. 
The data verify computa/donal fluid dynamic codes. Surface static 
pressure, pitot pressure, flow angularity, and bleed rates, are 
studied by flow visualization techniques. Surface oil flow using 
fluorescent dye and laser sheet using water droplets as the 
scattering material are used for flow visualization. E.A.K. 


N82-32686*# National Aeronautics and Space Administration. 
Lewis "Research Center, Cleveland, Ohio. 

ST ATUS OF LASER ANEMOMETRY IN TURBOMACHjNERY 
R/iSEARCF) AT THE LEWIS RESEARCH CENTER 
Richard G. Seasholtz In NASA. Langley Research Center Flow 
Visualization and Laser Velocimetry for Wind Tunnels Sep. 1982 
p 227-234 refs {For primary document see N82-32663 23-35) 
Avail: NTIS HC A16/MF A01 CSCL 14B 

Laser anemometer systems were develcped for a full-annular 
turbine stator cascade facility and for a compressor rotor facility: 
both are ambient temperature axial flow facilities with a 20-inch 
tip diameter. The optical configurations of the two anemometers 
are similar single-component fringe-type backscatter systems with 
a probe volume diameter of 125 microns and length of about 
2 mm. L^ser anemometer m^^asurements are compared with 
numerical solutions for a transonic axial flow compressor rotor 
and a turbine stator cascade. M.G. 


N82-32688*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

DEVELOPMENT OF A USER VELOCIMETEfi) FOR A URGE 
TRANSONIC WIND TUNNEL 

John P. Greissing and Daniel L. Whippie In NASA. Langley 
Research Center Flow Visualization and Laser Velocimetry for 
Wind Tunnels Sep. 1982 p 243-247 (For primary document see 
N82-32663 23-35) 

Avail: NTIS HC A16/MF A01 CSCL 14B 

On a 8.x 6 Foot Supersonic Wind Tunnel a laser velodmeter 
was utilized in the testing of advanced high speed turbopropelters. 
The system, using a 15-W argon-ion laser, a 3-beam 2-axls 
transmitting-receiving optics packac,e, a zoom lens with 1- to 4-m 
focal lengths, and a 0.4-m corner mirror was initifaliy assembled 
and tested in the checkout room. During the time the system was 
located in the checkout area, experience was acquired in the 
alignment and operation of the system and the data acquisition 
system and software were developed. By using air jet^ ; simulate 
tunnel air flow, the system worked quite well, Howe> . bblems 
with beam alignment arose because of reduced ^;;.w:>spheric 
pressure. Mounting the laser into a vessel maintained at atmo- 
spheric pressure with deflectors mounted to the external walls 
improved operation for about 2 hours before misalignment 
reoccured. The system was remounted to the positioning platform 
in an enclosure that provides both thermal and acoustic isolation. 

R.J.F. 


N82-32689*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

SEEDING CONSIDERATIONS FOR AN LV SYSTEM IN A LARGE 
1BANSONIC WIND TUNNEL 

Robert J. Freedman /p NASA. Langley Research Center Flow 
Visualization and Laser Veiocimetry for Wind Tunnels Sep. 1982 
p 249-252 (For primary document see N82-32663 23-35) 

Avail: NTIS HC A16/MF A01 CSCL 14B 
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When it was decided to use a laser velocimetor to measure 
the properties of propellers, seeding was a groat concern since 
large particles fail to flow and small ones are too small to be 
teen. Many methods were tried and weeded out fey using a Malvern 
particle sizer. The most promising ones were tested In the tunnel 
and the laser velocimeter (LV) measurements compat^ to 
theoretical values of veocity as the particle approached a blunt 
rK)se body along a stagnation streamline. Data obtained from the 
LV system were compared with the one dimensional particle lag 
calculation. This figure showed the theoretical velocity over the 
blunt nose and a velocity profile for 5 um particles. This indicated 
the particles were approximat‘>fy 5 um. The seeding method is 
shown. The seed was atomlia^d by 2 seeders run with all 
12 available atomizer |ets on. The atomizer seed traveled from 
these two seedeivi through four 1 inch tubes 20 feet long to the 
plenum chanrit^>er where this cluster of tubes iniected the seed 
Into the air steam. The tubes were located 60 feet from the 
model and could be moved only by shutting the tunnel down. 
Future seeding plans are shown. R.J.F. 


N82*32690*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

LV MEASUREMENTS WITH AN ADVANCED TURBOPROP 
Harvey E, Neumann and J. S. SerafinI In NASA. Langley Research 
Center Flow Visualization and Laser Velocimetry for Wind Tunnels 
Sep. 1982 p 256*256 (For primary document see N82-32663 
23-35) 

Avail: NTIS HC A16/MF A01 CSCL 14B 

Nonintrusive measurements of velocity about a splnner- 
propeller-napelld configuration were made at a Mach number of 
0.8, A laser velocimiiter (LV) specifically developed (or these 
measurements was used to determine the flow field of the 
advanced swept propellor. The date will be used to study 
the flow and to verify computer prediction codes. The usefulness 
of the LV data In detecting flow anomalies and to substantiate 
the data quality was demonstrated. Some typical results are given. 
Mach number profiles at the entrance of the propeller are compansd 
with theoretical predictions. The LV data Is in excellent agreement 
with the axisymmetric, compressible, inviscid theory (without blades) 
ahead of the propeller except near the hub. The data indicate 
blade blockage near the spinner. Blade to blade variations in 
axial velocity for four radial positions at the propeller exist are 
also given. The large apparent wake near the hub Is associated 
with the hub choking. The blade to blade variation of axial velocity 
ahead of a shock within the blade passage is given. R.J.F. 


A82-40132 * Miniature drag-force anemometer. L. N. Krau&d anc' Q. 0. 
Frallck (NASA, Lewis Research Center, Cleveland, OH). In; Flow; Its meiiiisure- 
mentapd control in science and industry: Proceedings of the Second Symposium, 
St. Loi,is, MO, March 23-26. 1981. Volume 2. (AB2-40126 20-35) Research 
Triangle Park, NC, Instrument Society of America, 1981, p. 117-130, 0 refs. 

A miniature drag-force anemometer (s described which Is capable of measuring 
unsteady as well as steady-state velocity head and flow' direction. It consists of 
a cantilevered beam with strain gages located at :he base of the beam as the 
force measuring element. The dynamics of the bear»i sre like those of a lightly 
damped second-order system with a natural frequency as high as 40 kilohertz 
depending on beam geometry and material, The a^iemorneter can be used In both 
forward and reversed flow. Anemometer characteristics and several designs are 
presented along with discussions of several applications, (Author) 


A82*30300 * Three sensor hot wire/film technique for three 

dimemionaf mean and turbulence flow field meMurement. B* 
Lakshminarayana (Pennsylvania State University, University Park, 
PA). TSI Quarterly, vol. 8, Jan .-Mar. 1982, p. 3*13. 49 refs. Grants 
No. NGL-39*009-007; No. NsG-3012; No. NsG-3032. 

Methods of measuring the three dimensional flow field using a 
three-sensor, hot-wire probe is described in this piper, with emphasis 
on the techniques developed by the author's group at The Pennsyl- 
vania State University. The hot wire equations, data processing 
procedure, calibration techfriques, and a discussion of various errors 
in the measurement are Indued. Some typical data acquired by this 
probe 1$ also Included. (Author) 


A82-34231 * Digital imaging tachniquMj ft •xparimontal atraaa anal- 

yaia. W. H. Peters and W. F. Ranson (South University, Columbia, SC). 

Optical Engineering, vol. 21 , May-June1982, p. •»^7-431. 6 refs. Grant No, NAG3- 
75. 

Digital Imaging techniques are utilized as a measure of surface displacement 
components In laser speckle metrology. An image scanner which Is Interfaced to 
a computer records and stores in memory the laser speckle patterns of an object 
in a reference and <eforrr\ed configuration. Subsets of the deformed images are 
numerically correlated with the references as a measure of surface displace- 
ments. Discrete values are determined around a closed contour for plane prob- 
lems which then become input into a boundary integral equation method In order 
to calculate surface traction In the contour. Stresses are then calculated within 
this boundary. The solution procedure is Illustrated by a numerical example of a 
case of uniform tension. (Author) 


A82-36987 * # Experimental boundary Integral equation applications in 

speckle interferometry. J, E. Fraley, M. A. Hamed, W. H. Peters, and W. F. 
Ranson (South Carolina, University, Columbia, SC). In: Society for Experimental 
Stress Analysis, Spring Meeting, Dearborn. ML May 31-June 4, 19/M, Proceed- 
ings {A82-36977 18-39) Brookfield Center, CT, Society for Experir.iental Stress 
Ans, lysis, 1902, p. 68-72. Grant No. NAG3-75. 

li complete data analysis system utilizing laser speckle interferometry and 
E;^.perlmental Integral Equation Method (EBIE) Is described. A host computer 
provides the optical data analysis and serves as an input device to a PDP1 1 /VAX 
computer for numerical analysis. The basic theory of pointwise filtering and digital 
correlation Is described as experimental data Input to the BIB method. (Author) 
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N82-22479*j|i Pratt and Whitney Aircraft Group, East Hartford, 
Conn, Commercial Products Div. 

THIN FILM TEMPERATURE SENSORS, PHASE 3 

H. P. Grant. J. S. Przybyszewski, R. G. Claing, and W. L. Anderson 

11 Jan, 1982 83 p refs 

(Contract NAS3-22002) 

(NASA-CR-165476; NAS 1.26:165476; PWA-5708-28) Avail: 
NTIS HC A05/MF A01 CSCL 14B 

A thin film Thermocouple system Installation for engine 
test evaluation was designed, and an engine test plan was 
prepared. Film adherence, ourability. accuracy, and drift character- 
istics were improved. Film thickriess was Increased to 14 microns, 
and drift was reduced to less than 0.02 percent of Fahrenheit 
temperature per hour on actual turbine blades at 1255 K. S.L. 
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36 LASERS AND MASERS 

H includes parametric amplifiers. 



NS2>264t9*| KMS Fpsion. Inc.. Ann Arbor. Mich. 

FREE ELECTRON LASERS FOR TRANSMISSION OF 
ENERGY IN 8RACE Final Raport 

S. B. Sagall. H. R. Htddleston. and G. C. CatQlia Oct. 1961 
40 p refs 

(Contract NAS3-22659) 

(NASA-CR-165620; NAS 1,26:166520; KMSF-U-1185) Avail: 
NTIS HC A03/MF A01 CSCL 20E 

A one'difnensionat resonant'particle model of a free electron 
laser (FEL) is used to calculate laser gain and conversion efficiency 
of electron energy to photon energy. The optical beam profile 
for a resonant optical cavity is included in the model as an 
axial variation of laser intensity. The electron beam profHe is 
matched to the optical beam profile and modeled as an axial 
variation of current density. Effective energy spread due to beam 
emittance is included. Accelerators appropriate for a space -based 
FEL oscillator are reviewed. Constraints on the concentric optical 
resonator and on systems required for space operation are 
deKribed. An example is given of a space-based FEL that would 
produce 1.7 MW of average output power at 0.5 micrometer 
wavelength with over 50% conversion efficiency of electrical 
energy to laser energy. It would utilize a 10 m-long amplifier 
centered in a 200 m-long optical cavity. A 3-amp. 65 meV 
electrostatic accelerator would provide the electron beam and 
recover the beam after it passes through the amplifier. Three to 
five shuttle flights would be needed to place the laser in orbit. 

A.R.H. 
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37 MECHANICAL ENGINEERINQ 

Includes auxiliary systems (non-power); machine elements 
and processes; and mechanical equipment. 


NS2-12442* National Aeronautics and Space Administration, 
lewis Research Center. Cleveland. Ohio. 

MODIFIED FACE SEAL FOR POSITIVE fILM STIFFNESS 
Patent 

Izhak Etsion (Technion » Israel tni»t. of Tech.) and Abraham Lipshltz. 
Inventors {to NASA) {Technion - Israel Inst, of Tech.) Issued 
29 Sep. 1981 4 p Filed 7 Nov. 1979 Supersedes N80-12414 
{18 ^ 03. p 0334) Sponsored by NASA 
(NAS A-Case-LEW- 1 2989- 1 ; US-Patent-4.29 1 .887; 
US-Patem-Appl-SN-092145: US-Patent-Class-277*27; 
US-Patent Class-277-40; U3-Patent-aas8-277-93R) Avail; US 
Patent and Trademark Office CSCL 11A 

The film stiffness of a face seal is improved without increasing 
the sealing and dam area by using an apparatus which includes 
a primary seal ring in the form of a nose piece. A spring forces 
a sealing surface on the seal ring Into sealing contact with a 
seat to form a face seal. A circumferential clearance seal is 
formed in series with this face seal by a (ip on the piece. The 
width of the surface of the lip is subsntiaily the same as the 
width of the sealing surface on the face seat and the clearance 
between the surface on the lip and the shaft is substantially 
the same as the spacing between the face sealing surfaces on 
the face seal when the shaft is rotating, The circumferential 
clearance seal restricts the flow of fluid fr6m a main cavity to 
an intermediate cavity with a resulting pressure drop. The 
hydrostatic opening face Is strongly dependent on the face seal 
clearance, and the desired axial stiffness is achieved. 

Official Gazette of the U.S. Patent and Trademark Office 


N82-12446*/)! National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 
MAONETOHYDRODYNAMICS (MHD) ENQINEERINQ TEST 
FACILITY {4TF) 200 MWe POWER PLANT. DESIGN 
REQUIREMENTS DOCUMENT (DRD) Final Report 
H. S. Rigo. R. W. Berccw, J. A, Burkhart, T. S. Mroz. D. J. 
Bents, and A. M. Hatch (MIT) Sep. 1981 68 p refs Revised 
(Contract DE-AI01-77ET-10769) 

(NASA-TM-82705; DOE/ NASA/ 10769-20-Rev-3) Avail: NTIS 
HC A05/MF A01 CSCL 10B 

A description and the design requirements for the 200 MWe 
(nominal) net output MHD Engineering Test Facility (ETF) 
Conceptual Design, are presented. Performance requirements for 
the plant are identified and process conditions are indicated at 
interface stations between the major systems comprising the 
plant, Also included are the description, functions, interfaces and 
requirements for each of these major systems. The lastest 
information (1960-1981) from the MHD technology program are 
integrated with elenTiants of a conventional steam electric power 
generating plant. M.D.K. 


N82-14619*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

APPLICATION OF SURFACE ANALYSIS TO SOLVE 
PROBLEMS OF WEAR 

Donald H, Buckley 1981 35 p refs Presented at the Ideele 

Traeger der SURTEC Berlin '81, West Germany, 29 Jun. • 3 JuL 
1981 

(NASA-TM-82753; E-1069) Avail: NTIS HC A03/MF A01 
CSCL 20K 

Results are presented for the use of surface analytical tools 
including field ion microscopy, Auger emission spectroscopy 
analysis (AES), cylindrical mirror Auger analysis and X-ray 
photoelectron spectroscopy (XPS), Data from the field ion 
microscope reveal adhesive transfer (wear) at the atomic level 
with the formation of surface compounds not found in the bulk, 
and AES reveals that this transfer will occur even in the presence 
of surface oxides. Both AES and XPS reveal that in abrasive 
wear with silicon carbide and diamond contacting the transition 
metals, the surface and the abrasive undergo a chemical or 
structural change which effects wear. With silicon carbide, silicon 
volatilizes leaving behind a pseudo-graphitic surface and the 
surface of diamond is observed to graphitize, B.W. 
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Ni2-1B411*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio 
EFFECT OF SEALS ON ROTOR SYSTEMS 
David P Fleming 1982 18 p refs Presented at the 52nd 

Shock and Vibration Symp . New Orleans 27-29 Oct, 1981; 
sponsored by NRL and the Machinery Vibration Monitoring and 
Anal. Meeting. Oak Brook, U|„ 30 Mar. * 1 Apr. 1982; sponsorad 
by the Vibration Inst, 

(NASA-TM-82786; E-1121) Avail; NTIS HC A02/MF A01 
CSCL VIA 

Seals can exert large forces on rotors. As an example, in 
turbopump ring seals film stiffness as high as 90 MN/m 
(500.000 Ib/in) have been calculated, This stiffness is comparable 
to t)\e stiffness of rotor support bearings; thus seats can play 
an important part in supporting and stabilizing rotor systems. 
Th^r work dona to determine forces generated in ring seals Is 
reviewed. Working formulas are presented for seal stiffness and 
damping, and geometries to maximize stiffness are discussed. 
An example described where a change in seal design stabilized 
a previously unstable rotor Author 


N82-16412*/j( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

EFFECTS OF ARTIFICIALLY PRODUCED DEFECTS ON FILM 
THICKNESS DISTRIBUTION IN SLIDING EHD POINT 
CONTACTS 

C, Cusano (tilinQls Univ. at Urbana-Champaign) and L, D. Wedeven 
1981 31 p refs Presented at the Joint lubrication Conf., 

New Orleans, 5-7 Oct. 1981; sponsored by the Am. See. of 
lubrication Engr. and ASME 

(NASA-TM-82732: E-1042} Avail. NTIS HC A03/MF A01 
CSCl 20K 

The effects of artificiislty produced dents and grooves on 
the elastohydrodynamic (EHD) film thickness profile In a sliding 
point contact were investigated by means of optical interferometry. 
The defect?, formed on the surface of a highly polished 
were held ;|tationary at various locations within and in the vicinity 
of the contact region while the disk was rotating. It is shown 
that the defects, having a geometry gimilar to what can be 
expected in practice, can dramatically change the film thickness 
which exists when no defects are present in or near the contact. 
This change in film thickness is mainlV a function of the position 
of the defects in the inlet region, tha geometry of the defects, 
the orientation} of the defects in the case of grooves, and the 
depth of the defect relative to the centra! film thickness. Author 


N82-16413*| National Aeronautics and Space Administration, 
lewis Research Center. Cleveland. Ohio. 

BASIC LUBRICATION EQUATIONS 

Bernard J. Hamrock and Duncan Dowson (Leeds Univ.) Dec, 
1981 87 p refs Repr. from Ball Bearing lubrication, 

chapter 5. Sep. 1981 

(NASA-TM-81693: E-209) Avail. NTIS HC A05/MF A01 CSCL 
11H 

Lubricants, usually Newtonian fluids, are assumed to 
experience laminar flow. The basic equations used to describe 
the flow are the Navier- Stokes equation of motion, The study 
of hydrodynamic lubrication is. frovn a mathematical standpoint, 
the application of a reduced form of these Navier-Stokes equations 
in association with the continuity equation. The Reynolds 
equation can also be derived from first principles, provided of 
course that the same basic assumptions are adopted in each 
case. Both methods are used in deriving the Reynolds equation, 
and the assumptions inherent in reducing the Navier-Stokes 
equations are specified. Becaus^e the Reynolds ts'juatibn contains 
viscosity and density terms and these properties depend on 
temperature and pressure, it is often necessary to couple the 
Reynolds wHh energy equation. The lubricant properties and the 
energy equation are presented. Film thickness, a parameter' of 
the Reynolds equation, is a function of the elastic behavior of 
the bearing surface. The governing elasticity equation is there- 
fore presented. A.R.H. 


N82-19640* National Ae/onautics and Space Administration. 
Lewis Research Center. CIrveiand. Ohio. 

COMPOSITE BEAL FOR TURBOMACHINERY Patant 

Robert C, Bill and Lawrence P. Ludwig. Inventors (to NASA) 
Issued 20 Oct. 1981 5 p Filed 20 Nov. 1979 Division of 
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PeUnt App). SN‘931090« fiied 8 Aug. 1978. US Pat«nt-4.207. 
m which is a diviaicr if US Patent Appi. SN-8t0290. filad 
27 Mar. 1977. US Patant-4, 136.861 
(NASA-Caia- LEW- 1 2 1 3 1 *3: US-Patant*4.295.786: 
US.Patant*4.207.024; US-Patant-4.1 36.861; 
US-Patant*Appl-SN<096255: US-Patant>Appt-SN>931090i 
US-Patant-Appl«SN-80129U; US-Patant<tata*41 5*174; 
US*Patant*Class*415*196) Avail; US Patent and Trademark 
Office CSCL 1 1A 

A gat path seal sultabto for use with a turbine en(iine or 
compressor is provided. A shroud wearabte or abradabie b> the 
abrasion of the rotor blades of the turbine or comr<essor shrouds 
the rotor blades. A compliant backing surrounds the shroud. 
The backing is a yieldingly deformable porous material covered 
with a thin ductile layer. A mounting fixture surrounds the 
backing. 

Official Gazette of the U.S. Patent and Trademark Office 


N82*20643*# National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio. 

HIGH-SPEED MOTION PICTURE CAMERA EXPERIMENTS 
OF CAVITATION IN DYNAMICALLY LOADED JOURNAL 
SEARINGS 

Bo O. Jacobson and Bernard J. Hamrock 1982 22 p refs 
Proposed for presentation at the Joint Lubrication Conf , 
Washington. DC.. 5-7 Oct. 1982; sponsored by ASME and 
American Society of Lubrication Engineers 
(r;ASA-TM-82798; E-1137; NAS 1.15.82798) Avail; NTIS 
ha A02/MF A01 CSCL 131 

A h»*gh-speed camera was used to investigate cavitation in 
dynamically loaded journal bearings. The length-diameter ratio 
of the bearing, the speeds of the shaft and bearing, the surface 
material of the shaft, and the static and dynaf.>ic eccentricity of 
the bearing Were varied. The results reveal not only the appearance 
of gas cavitation, but also the development of previously 
unsuspected vapor cavitation. It was found that gas cavitation 
increases v>tfith time until, after many hundreds of pressure cycles, 
there is U constant amount of gas kept in the cavitation zone 
of the bearing. The gas can have pressure,^ of many times the 
atmospheric pressure. Vapor cavitation bubbles, on the other 
hand, collapse at pressures lower than tht vimospheric pressure 
and cannot be transported through a high- ,)ressure zone, nor 
does the amount of vapor cavitation in a bearing increase with 
time Analysis is given to support the experimental findings for 
both gas and vaoor cavitation. J.D.H. 


N82-24497*j{/ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

DEVELOPMENT OF HIGH-SPEED ROLLING-ELEMENT 
BEARINGS. A HISTORICAL AND TECHNICAL PERSPEC- 
TIVE 

Erwin V. Zaretsky 1982 28 p refs Presented at the SKF 

Seventy-Fifth Anniy. Celebration Meeting, Nieuwegin, Netherlands, 
9 Jun. 1982: sponsored by SKF Research and Development 
Center 

INASA-TM-82884; E-1198; NAS 1.16:82884) Avail; NTIS 
HC A03/MF A01 CSCL 131 

Research on large-bore ball and roller bearings for aircraft 
engines is described. Tapered roller bearings and small-bore 
bearings are discussed. Temperature capabilities of rolling element 
bearings for aircraft engines have moved from 460 to 589 K 
(350 to 600 F) with increased reliability. High bearing speeds 
to 3 million DN can be achieved with a reliabiUty exceeding 
that which Was common in commercial aircraft. Capabilities of 
available bearing steels and lubricants were defined and 
established. Coi^.iVuter programs for the analysis and design of 
rolling element bearings were developed and experimentally 
verified. The reported work is a summary of NASA contribu- 
tions to high performance engine and transmission bearing 
capabilities. RJ.F. 


N82-26514^l|i National Aeronautics and Space Administration, 
Lewk^ Research Center. Cleveland. Ohio, 

FRICTIONAL HEATING DUE TO ASPERITY INTERACTION 
OF ELA8TOHYDRODYNAMIC UNE-CONTACT SURFACES 

Bankim C. Majumdar and Bernard J. Hamrock May 1982 23 p 
refs Presented at the ASME-ASLE Joint Lubrication Conf., New 
Orleans, 5-7 Oct. 1981 

(NASA-TP-t882; E-897; NAS 1.60:1882) Avaii; NTIS 


HC A02/MF A01 CSCL 20K 

A numerical solution of an elastohydrodynamically lubrfcatad 
(EHL) line contact between two long, rough-surface cylinders 
that considers the frictional heating of asperities was obtained. 
Pressure distribution, temperature distribution, film thickriess and 
EHL load for given speeds, lubricant properties, mfiteriel properties 
of surfaces, and surface roughness parameters were theoretically 
solved by simultaneous solution of the elasticity equation end 
the Reynolds equation for two partially lubricated rough surfaces. 
The pressure due to 9 r>perity contact was calculated by assuming 
a Gaussian distribution of surface irregularities. The elastic 
deformation used fo^ film thickness computation was found from 
the two kinds of pressure by r>Une strain analysis. The temperature 
rise in the contact zone was calculated by using Biok-Jaeger 
flash temperature model. The effects of surface roughness on 
EHL load for various slide-rote ratios, surface roughness 
parameters, surface patterns, and temperature parameters was 
studied. It was found thct the maximum temperetVie rise In 
most cases occurred In the inlet zone, end that the minimum 
film thickness decreased and the maximum temperature increased 
as the surface roughness was increased. Author 


N82 <25618*1 National Aeronautics and Space Administration. 
Lewys Research Center, Cleveland, Ohio. 

LUiRICATION OF RIGID ELLIPBIDA SOUDB 

Bernard J. Hamrock and Duncan Dowson (Leeds Univ., Engt.) 

May 1982 55 p refs 

(NASA-TM-81694; E-209; NAS 1.15:81694) Avail: NTIS 
HC A04/MF AOt CSCL 131 

The influence o^" geometry on the isothermal hydrodynamic 
film separating two rigid solids was investigated. The minimum 
film thickness is derived for fully flooded conjunctions by using 
the Reynolds boundary conditions. It was found that the minimum 
film thickness had the seme speed, viscosity, and load dapendence 
as Kapitza' classical solution. However, the Incorporation of 
Reynolds boundary conditions resulted in en additional geometry 
effect. Solutions using the parabcHo film epproximeiion are 
compared by using the exact expression for the film In the 
analysis. C.' nour plots are known that indicate in detail the 
pressure dr. i^Vped between the solids. Author 


N82-2&&19*]j( National Aeronautics and Space Administration. 
Lewis Research Center, Qeveland, Ohio. 

FILM SHAPE CALCULATIONS ON SUPERCOMPUTERS 
Bernard J. Hamrock 1982 10 p refs Proposed for presentation 
at the Joint Lubrication Conf., Washington. 4-6 Oct. 1982. 
(NASA.TM-82866; E-1225; NAS 1.16:82866) Avail: NTIS 
HC A02/MF A01 CSCL 09B 

Both scalar and vector operations are described to demon- 
strate usefulness of supercomputers (computers with peak 
computing speeds exceeding 100 million operative per second) 
in solving tribological problems. A simple kernel of the film shape 
calculations in an eias to hydrodynamic lubricated rectangular 
contact is presented and the relevant equctlons ere described, 
Both scalar and vector versions of the film shape code are 
prefl anted. The run times of the two types of code indicate that 
over a 50-to-1 speedup of scalar to vector cornputationel time 
for Vector lengths typically used in elastohydrodynamic lubrication 
analysis is obtained. A.R.H. 


N82-25620*}^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

LUBRICANT EFFECTS ON EFFICIENCY OF A HELICOPTER 
TRANSMISSION 

Andrew M. Mitchell and John J. Cc>v 1982 16 p refs Presented 
at the AGARD Symp. on Probi. in Bearings and Lubrication, 
Ottawa. Canada, 31 May » 4 Jun. 1982 
(NASA.TM-82867; E-1226; NAS 1.15:82857: 
AVRADCOM-TR-82-C-9) Avail: NTIS HC A02/MF A01 CSCL 
01C 

Eleven different iubricants were used in efficiency tests 
conducted on the OH-58A helicopter main transmission using 
the NASA Lewis Research Center's 500 hp torque regenerative 
helicopter transmission test stand, Tests were run at ol|-in 
temperatures of 355 K and 372 K. The efficiency was calculated 
from a heat balance on the water running through an oil to 
water heat exchanger which the transmission was Uj?evlly 
insulated. Results show an efficientcy range from 98.3% to ^36.8% 
which is a 50% variation relative to the losses associated with 
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in« maximum afficiancy maaturad. For a oivan lubricant, tha 
afficiancy incraasad at tamparatura Incraatad and vltcoaity 
dacraat ad. Thara wara two excs;otlont which could not ba 
explalnad. Batwaan lubricants. ^ffic|(^ncy was not corralatad with 
vitcoaity. Thara wara ralatlvaly larga variatlont In afficiancy with 
tha diffarant lubricantt whota vitcoaity ganarally fall in tha 5 to 
7 cantiatoka ranga. Tha lubricantt had no tignificant affact on 
tha vibration tlgnati^re of tha irantmittlon, A.R.H. 


NB2*2B074*| Nations) Aeronautics and Space Administration. 
Lawit Researt^^ Center. Clevetand. Ohio. 

FULLY FLAfMA-SPBAYED COMPLIANT BACKED CEBAM- 
1C TUMINE SEAL Patent Application 

Robert C. Bill and Donald W Wisander. inventors (to NASA) 
Fifed 30 Nov. 1961 B p 

(NASA*Case-LEW-13266-2^ US.Patent*Appl-SN.325931) Avail: 
NTIS HC A02/MF A01 CSCL11A 

A s^al with a high temperature abradable lining matfirlal 
which emv^rcles the tips of turbine blades in turbomachinery was 
designed. The seal is directed to maintaining the minimum 
operating clearances between the blade tips and the lining of a 
high pretisure turbine A low temperature easily decomposable 
material m powder form is blended with a high temperature 
oxidation resistant metal powder. The two materials are 
simuttaneousiy deposited on a substrate formed by the turbine 
casing, Alternately, the polymer powder may be added to the 
metal powder during plasma spraying. A ceramic layer Is then 
deposited directly onto the metal-polymer composite. The polymer 
additive mixed with the metal is then completely volatilized to 
provide a porous layer between the ceramic layer and the substrate. 
Thermal stresses are reduced by the porous structure which 
gives a cushion effect. No brazing is required by using only 
plasma spraying for depositing both the powders of the metal 
and polymer material as well as the ceramic powder. NASA 


N82-'2B67B*| National Aeronautics and Space Administrstion. 
Lewis Research Center, Cleveland. Ohio. 

MULTIROLLEB TBACYION DRIVE SPEED REDUCER: 
EVALUATION FOR AUTOMOTIVE GAS TURBINE ENGINE 

Douglas A. Rohn, Nell E Anderson, and Stuart H. Loewenthal 
Jun. 1982 24 p refs Prepared In cooperation with Army 

Aviation Research and Development Command. Cleveland. Ohio 
(NASA-TP-2027: E-1002: NAS 1,60:2027; 
AVRADCOM-TR-8t-C-11| Avail; NTIS HC A02/MF A01 CSCL 
20A 

Tests were conducted on a nominal 14;1 fixed-ratio Nasvytls 
multifoller traction drive retrofitted as the speed reducer in an 
automotive gas turbine engine. Pov,rer turbine speeds of 
45,000 rpm and a drive output power of 102 kW (137 hp) 
were reached. The drive operated under both variable roller loading 
(proportional to torque) and fixed roller loading (automatic loading 
mechanism locked). The drive operated smoothly and efficiently 
as the engine speed reducer. Engine specific fuel consumption 
vvith the traction speed reducer was comparable to that with 
the original helical gearset. Author 


N82’ 26881^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

TOOTH PROFILE ANALYSIIS OF CIRCULAR-CUT. SPIRAL- 
BEVEL GEARS 

Ronald L. Huston (Cincinnati Univ.), Yael Lin (Technion - Israel 
Inst. ofTechnology), and John J. Coy 1982 20 p refs Presented 
at the Design Engr. Tech. Conf., Washington, D.C, 12-15 Sep. 
1982: sponsored by ASME Prepared in cooperation with Army 
Aviation Research and Development Command, Cleveland, Ohio 
(NASA.TM-8284d; E-1209; NAS 1.15;82840; 
AVRADCOM-TR-82-C-05) Avail: NTIS HC A02/MF A0| CSCL 
13) 

An analysis of tooth profile changes in the transverse plane 
of circuiar-cut, spiral-bevel crown gears is presented. The analysis 
assumes a straight-line profile In the mid-transverse plane. The 
profile variation along the centerline Is determined by using 
expressions for the variation of the spiral angle along the tooth 
centerline, together with the profile description at the 
mid-transverse plane. It Is shown that the tooth surface Is a 
hyperboloid and that significant variations in the pressure angle 
are possible. Author 
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N82-2B643*| National Aeronautics and Space Administration 
Lewis Research Center. Cleveland. Ohio 
RELIABILITY MODEL FOR PLANETARY GEAR 
Michael Savage (Akron Univ ), Charles A. Poridon (Hewlett Packard 
Co, Sunnyvale, California), and John J. Coy (Army Aviation 
Research and Development Command, Qeveland, Ohio) 1982 
22 p reis Proposed for Pre.sentation at Design Engr Tech. 
Conf . Washington, D C, 12-15 Sep 1982. sponsored by ASMS 
Prepared in cooperation with Army Aviation Research and 
Development Command 

(NASA-TM-82859; NAS V 15 82859. AVRAOCOM-TR*82-C-6) 
Avail NTIS HC A02/MF A01 CSCL 131 

A reliability model is presented for planetary gear trams irt 
which the ring gear is fixed, the Sun gear is the input, and the 
planet arm is the output. The input and output shafts are coaxial 
and the input and output torques are assumed to be coaxial 
with these shafts Thrust and side loading are neglected This 
type of gear train is commonly used in main rotor transmissions 
for holicoptofs and in other applications which require high 
reductions in speed. The reliability model is based on the WeibuN 
distribution of the individual reliabilities of the transmission 
components The transmission's basic dynamic capacity Is defined 
as the input torque which may be applied for one million input 
rotations of the Sun gear Load and life are related by a power 
law. The load life exponent and basic dynamic capacity are 
developed as functions of the component capacities. Author 


N82-28644*/!/ National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio 

ADVANCES IN HIGH-SPEED ROLLING-ELEMENT BEAR- 
INGS 

Erwin V Zef^tsky 1982 29 p refs Presented at the 16th 
Ann Israel Ctonf on Meehan Engr , Haifa, {srael, 12-14 Jul 
198r/, sponsored by Technion - Israel InsL of Tech 
(N:'aGA-TM- 82910. E-1295, NAS 1 15:82910) Avail; NTIS 
RC A03/MF A01 CSCL 131 

Aircraft engine and traosmissmn roHing-element bearing 
stat8*of^thc art is summarized Author 


N62-28645*^ National Aeronautics and Space Administration 
Lewis Research Center, Cleveland. Ohio. 

THE OPTIMAL DESIGN OF INVOLUTE GEAR TEETH WITH 
UNEQUAL ADDENDA 

Michael Savage (Akron Univ), John J, Coy (Army Aviation 
Research and Development Command. Cleveland, Ohio), and 
Dennis P Townsend 1982 8 p refs Presented at Tenth 

World Congr on System Simulation and Sci Computation, 
Montreal. 8-13 Aug 1982; sponsored by Intern Assoc, for 
Mathematics and Computers in Simulation 
INASA-TM-82866; E-1235. NAS 1 15:82866; 
AVRADCOM-TR-82-C-7) Avail NTIS HC A02/MF A01 CSCL 
131 

The design of a gear mesh is treated with the q^pjective of 
minimizing the gear sue for a given gear raticv, piniPn torque, 
pressure angle, and allowable tooth lengths. strengths 

considered Include scoring, pitting fatigue, and bending fatigue. 
Kinematic involute interference is avoided. The design variation 
on standard spur gear teeth called the long and short addendum 
system, is considered In this system the mesh center distance 
and pressure angle are maintained as is the ability to manufac- 
ture the teeth with standard tooling. However, the pinion and 
gear tooth proportions are altered in order to obtain fewer teeth 
numbers for the same ratio as standard gears without kinematic 
involute interference. The effect of this nonstandard gearing 
geometry with on tooth strengths and gear mesh size are studied 
For a 2,1 gearing ratio, the optimal nonstandard gear design is 
compared with the optimal standard gear design. Author 


N82-28646*^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

A FINITE ELEMENT STRESS ANALYSIS OF SPUR GEARS 
INCLUDING FILLET RADII AND RIM THICKNESS EF- 
FECTS 

S. H Chanq (Cincinnati Univ). R L Huston (Cincinnati Univ ), 
and J J Coy 1982 12 p refs Proposed for presentation at 
Ann. Meeting of ASME. PhoeniA Ariz 14-19 Nov 1982 
Prepared in cooperation with Army Aviation Research and 
Development Command, Cleveland. Ohio 
(NASA-TM-82865; E-1234; NAS 1. 15 82865. 
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AVRADCOM.TR*82-C*8) Avail: NTIS HC A02/MF AOl CSCL 
131 

Spur gear atreas analysis results are presented /or a variety 
of loading conditions, support conditions, fillet radii, and rim 
thickness Those results are obtained using the SAP IV finite* 
element code The maximum stresses, occurring at the root 
surface, substantially increase with decreasing rim thickness for 
partially supported rims (that is. with loose*/itting hubs) For 
fully supported rims (that is. with tight*fitting hubs), the root 
surface stresses slightly decrease with decreasing rim thickness. 
The fillet radius is found to have a significant effect upon the 
maximum stresses at the root surface These stresses increase 
with increasing fillet radius The fillet radius has little effect upon 
the internal root section stresses Author 


Ni2-30962^| National Aeronautics and Space Administration. 
Lewis Rasear^^h Center. Cleveland. Ohio. 

PRECISIOr/ OF 8FIRAL-BEVEL GEARS 
f. L Utviri (Univ. of Chicago at Chicago Circle). R. N. Goldrlch 
(Univ. of Chicago at Chicago Circle). J. J. Coy. and E. V. Zaretsky 
1982 26 p refs Presented at the Winter Ann. Meeting of 
the Am. Soc. of Mech. Engr., Phoenix. Ariz,. 15*19 Nov. 1982 
Sponsored In part by AVRADCOM Research and Technology 
Labs. 

(NASA-TM*82888; E-1196^ NAS 1.15:82888. 
AVRADCOM.TR*82-C*11} Avail: NTIS HC A03/MF AOl CSCL 
131 

The kinematic errors in spiral bevel gear trains caused by 
the generation of nonconjugate surfaces, by axial displacements 
of the gears during assembly, and by eccentricity of the assembled 
gears were determined. One mathematical model corresponds 
the motion of the contact ellipse across the tooth surface, 
(geometry I) and the other along the tooth surface (geometry 
II). The following results were obtained: (1) kinematic errors 
induced by errors of manufacture may be minimized by applying 
special machine settings, the original error may be reduced by 
order of magnitude, the procedure is most effective for geometry 
2 gears, (2) whan trying to adjust the bearing contact pattern 
between the gear teeth for geometry 1 gears, it is more desirable 
to shim the gear axially: for geometry II gears, shim the opinion 
axially: (3) the kinematic accuracy of spiral bevel drives are 
most sensitive to eccentricities of the gear and less sensitive to 
eccantricftles of the pinion. The precision of mounting accuracy 
and manufacture are most crucial for the gear, and less so for 
the pinion. E.A.K. 


N82-31891*# National Aeronautics and Space Admihlstration. 
Lewis Research Center, Cleveland, Ohio. 

INFLUF;NCE OF CORROSIVE SOLUTIONS ON MICROHARD^ 
NESS Am CHEMISTRY OF MAGNESIUM OXIDE /001/ SUR- 
FACES 

Hiroyuki Ishlgak) (Osaka Univ.), Kazuhisa Miyoshi, and Donald H. 
Buckley Aug. 1982 11 p refs 

(NASA-TP-2040; E-1035; NAS 1.60:2040) Aval!: NTIS 

HC A02/MF AOl CSCL 20K 

X-ray photoelectron spectroscopy analyses and hardness 
experiments were conducted on cleaved magnesium oxide /001/ 
surfaces. The magnesium oxide bulk crystals were cleaved to 
specimen size along the /001/ surface, and Indentations were 
made on the cleaved surface in corrosive solutions containing 
HCI, NaOH, or HN03 and In water without exposing the spec- 
imen to any other environment. The results indicated that chloride 
(such as MgCI2) and sodium films are formed on the magnesium 
oxide surface as a result of interactions between an HCi-contalning 
solution and a cleaved magnesium oxide surface. The chloride 
films soften the magnesium oxide surface. In this case microhard^ 
ness is strongly Influenced by the pH value of the solution. The 
lower the pH, the lower the microhardness. Sodium films, which 
are formed on the magnesium oxide surface exposed to an NaOH 
containing solution, do not soften the magnesium oxide surface. 

Author 


N82-32733*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveicnd. Ohio. 

KINEMATIC PRECISION OF GEAR TRAINS 

F. L Litvin (Illinois Univ. at Chicago Circle), R. N. Goldrich (Illinois 


Univ. at Chicago Circle), John J. Coy (AVRADCOM Research and 
Technology Lab., Cleveland, Ohio), and E. V* Zaretsky 1982 40 p 
refs Proposed for presentation at the Winter Ann. Meeting of the 
ASME, Phoenix, 15-19 Nov. 1982 
(NASA-TM-e2687i E-1191; NAS 1.15:62887; 
AVRADCOM.TR-82-C-10) Avail: NTIS HC A03/MF AOl CSCL 
131 

K^ematic precision Is affected by errors which are the result 
of either intentional adjustments or accidental defects in manufac- 
turing and assembly of gear trains. A method for the determination 
of kinematic precision of gear bains is described. The method Is 
baaed on the exact kinematic relations for the contact point motions 
of the gear tooth surfaces under the influence of errors. An 
approximate method is also explained. Example applications of 
the general approximate methods are demonstrated for gear trains 
consisting of Involute (spur and helical) gears, circular arc 
(Wildhaber-Novikov) gears, and spiral bevel gears. Gear noise 
measurements from a helicopter transmission are presented and 
discussed with relation to the kinematic precision theory. S.L 


N82-32734*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THE INFLUENCE SURFACE DENTS AND GROOVES ON 
TRACTION IN SLIDING EHD POINT CONTACTS 
C. Cusano (Illinois Univ., Urbana-Champaign) and L D. Weoeven 
1982 14 p refs Proposed for presentation at the Joint Lubrication 
Conf., Washington, D.C.* 5-7 Oct., 1902; sponsored by AMSE and 
Am. Soc. of Lubrication Engr. 

(NASA-TM-82943; E-1345; NAS 1.16:32943) Avail: NTIS 
HC A02/MF AOl CSCL 20K 

Changes In traction, caused by dents and gioovos on a highly 
polished ball, are investigated as these defects approach and go 
through sliding elastohydrodynamlc point contacts. The contacts 
are formed with the ball loading against a transparent disk. The 
ball and thus the topographical features are held stationary at 
various locations in the vicinity and within the contact while the 
disk Is rotating. These topographical features can cause substan- 
tial changes in the traction when compared to traction obtained 
with smooth surfaces. S.L. 


N82-32735*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

PUSTIC DEFORMATION AND WEAR PROCESS AT A SUR- 
FACE DURING UNLUBRICATED SLIDING 
Ta’f^ashi Yamamoto (Tokyo Univ. of Agriculture and Technology, 
Japan) and Donald H. Buckley 1982 36 p refs Proposed for 
presentation at the Joint Lubrication Conf., Washington. D.C., 
4-6 Oct. 1 982; sponsored by ASME and the Am. Soc. of Lubrication 
Eng:'. 

(NASA-TM-82820; E-1160; NAS 1.15:82820) Avail: NTIS 
HC A03/MF AOl CSCL 20K 

The plastic deformation and wear of a 304 stainless sU il 
surface sliding against an aluminum oxide rider with a spherical 
surface (the radius of curvature: 1.3 cm) were obsen/ed by using 
scanning electron and optical microscopes. Experiments were 
conducted In a vacuum of one million Pa and In ah environment 
of fifty thousandth Pa of chlorine gas at 25 C. The load was 
500 grams and the sliding velocity was 0.5 centimeter per second. 
The deformed surface layer which accumulates and develops 
successively is left behind the rider, and step shaped proturbances 
are developed oven after single pass sliding under both environ- 
mental conditions. A fully developed surface layer is gradually 
torn off leaving a characteristic pattern. The mechanism for tearing 
away of the surface layer from the contact area and sliding track 
contour is explained assuming the simplified process of material 
removal based on the adhesion theory for the wear of materials. 

S.L 


N82-32736*}^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EFFECT OF SHOT PEENINQ ON SURFACE FATIGUE LIFE OF 
CARBURIZED AND HARDENED AISI 9310 SPUR GEARS 
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Dennis P. Townsend and Erwin V* Zaretsky Aug. 1982 14 p 
refs 

(NASA-TP-2047; E.936; NAS 1.60;2047) Avail: NTIS 

HC A02/MF A01 CSCL 131 

Surface fatigue tests were conducted on two groups of AISI 
9310 spur gears. Both groups were manuractured with standard 
ground tooth surfaces, with the second group subjected to an 
additional shot peening process on the gear tooth flanks. The 
gear pitch diarneter was 8.89 cm (3.5 In.). Test conditions were a 
gear temperature of 350 K (170 F), a maximum Hertz stress of 
1.71 billion N/sq m (240,000 psi), and a speed of 10,000 rpm. 
The shot peened gears exhibited pitting fatigue lives 1.6 times 
the life of standard gears without shot peening. Residual stress 
measurements and analysis Indicate that the longer fatigue life Is 
the result of the higher compressive stress produced by the shot 
peening. The life for the shot peened gear was calculated to be 
1.5 times that for the plain gear by using the measured residual 
stress difference for the standard and shot peened gears. The 
measured residual stress for the shot peened gears was much 
higher than that for the standard gears. S.L 


N82*32737*# f«)atlonal Aeronautics and Space Administration, 
lewis Research Center, Cleveland, Ohio. 

WEAR MECHANISM BASED ON ADHESION 

TakashI Yamamoto and Donald H. Buckley Aug. 1982 13 p 

refs 

(NASA-TP-2037; E-1118; NAS 1.60:2037) Avail: NTIS 

HCA02/MFA01 CSCL11A 

Various concepts concerning wear mechanisms and deforma- 
tion behavior observed In the sliding wear track are surveyed. 
The mechanisms for wear fragment formation is discussed on the 
basis of adhesion. The wear process under unlubricated sliding 
conditions Is explained In relation to the concept of adhesion at 
the interface during the sliding process. The mechanism for 
tearing away the surface layer from the contact area and forming 
the sliding track contour is explained by assuming the simplified 
process of material removal based on the adhesion theory. Q.L. 


A82-18434 * » Effect of surface roughness on elastohydro* 
dynamic line contact. B. C. Majumdar and B, J. Hamrock (NASA. 
Lewis Research Center, Cleveland, OH). American Society of 
Mechanicai Engineers and American Society of Lubrication Engi- 
neers, Joint Lubrication Conference, New Orleans, LA, Oct 5-7, 
1981, ASME Paper B1-Lub-23. 7 p. 17 refs. Members. $2.00; 
nonmembers, S4, 00. 

A numerical solution of an elastohydrodynamic lubrication 
(EHL) contact between two long rough surface cylinders Is obtained. 
A simultaneous solution of an elasticity equation and the Reynolds 
equation for two partially lubricated rough surfaces is used to obtain 
a theoretical solution of pressure distribution, elastohydrodynamic 
load and film thicknesses for given speeds. A theoretical solution Is 
also found for lubricants with pressure depend^nt viscosity, material 
properties of cylinders, and surface roughness parameters. Elastic 
deformation is found from hydrodynamic and contact pressure using 
plane strain analysis, and results Indicate that for a constant central 
film thickness, increasing the surface roughness decreases the EHL 
load and there Is little variation In minimum film thicknesses as the 
surface roughness Is increased. D.L.G. 


A82>18436 * # EffecU of ultra-clean and centrifugal filtration 
on rolling-element bearing life, S. H. LoewentHal (Na\SA, Lewis 
Research Center, Cleveland, OH), D. W. Moyer (Trlbon Snaring Co., 
Cleveland, OH), and W. M. Needelman (Pall Corp., Glen Cove, NY). 
American Society of Mechanical Engineers and American Society of 
Lubrication Engineers, Joint Lubrication Conference, New Orleans, 
LA, Oct 5-7, 1981, ASME Paper 81- Lub-35, 9 p. 20 refs. Members, 
$2.00; nonmembers, $4.00, 

Fatigue tests were conducted on groups of 65-mm bore diameter 
deep-groove ball bearings in a MIL-L-23699 lubricant under two 
levels of filtration to determine the upper limit in bearing life under 
the strictest possible lubricant cleanliness conditions. Bearing fatigue 
lives, surface distress and weight loss were compared to previous 


bearing f#tiguo tests In contaminated and noncontamlnated oil filters 
having absolute removal ratings of 3, 30, 49, and 105 microns, with 
lubricant and sump temperatures maintained st 347 K. Ultra clean 
lubrication was found to produce bearing fatigue lives that were 
approximately twice that obtained In previous tests with contami- 
nated oil Using 3 micron absolute filtration, ft was also observed that 
tito centrifugal oil filter has the same effectiveness as a 30 micron 
absolute filter in preventing surface damage. D. UG, 


A82-18680 * Adhesion and friction of single-crystal 

diamond in contact with transition metals. K. Miyoshi and D. H, 
Buckley (NASA, Levvls Research Center, Cleveland, OH), Applica- 
tions of Sutiace Science,, yol, 6, 1980, p. 16M72, 12 refs. 

Art Investigation was conducted to examine tht adhesion and 
friction of single-crystal diamond In contact with various transition 
metals and the nature of metal transfer to diamond. Sliding friction 
experiments were conducted with diamond ir) sliding contact with 
the metals yttrium, titanium, zirconium, vanadium, Iron, cobalt, 
nickel, tungsten, platinum, rhenium and rhodium. AH experiments 
were conducted with loads of 0.05 to 0.3 N, at a sliding velocity of 
0,003 m per minute, In a vacuum of 10 to the -8th Pa, at room 
temperature, and on the (li t) plane of diamond with sliding in the 
110 line type direction* The results of the investigation Indicate that 
the coefficient of friction for diamond In contact with various metals 
is related to the relative chemical activity of the mstais in high 
vacuum. The more active the metal, the higher the coefficient of 
friction. All the metals examined transferred to the surface of 
diamond In sliding. (Author) 


A82-19335 * // Optimal tooth numbers for compact standard 
spur gear sets, M. Savage (Akron, University, Akron, OH), J. Coy 
(U.S. Army, Propulsion Laboratory, Clovejand, OH), and D. P. 
Townsend (NASA, L?wl$ Research Center, Cleveland, OH), AmerP 
can Society of Mechanical Engineers, Design Engineering Technical 
Conference, Hartford, CT, Sept, 20-23, 1981, Paper 81-DET*115, 9 
p, 23 refs. Members, $2.00? nonmembers, $4.00. 

The design of a standard gear mesh Is treated with the objective 
of minimizing the gear size for a given ratio, pinion torque, and 
allowable tooth strength. Scoring, pitting fatigue, bending fatigue, 
and the kinematic timits of contact ratio and interference are 
considered. A design space Is defined In terms of the number of teeth 
on the pinion and the diametral pitch. This space Is then combined 
with the objective function of minimum center distance to obtain an 
optimal design region. This region defines the number of pinion teeth 
for the most compact design, The number is a function of the gear 
•'atio only. A design example illustrating this procedure is also given, 

(Author) 


A82-30022 * Effect of tangential traction and roughness on 

crack initiation/propagat' An during roil ing contact N. Soda (Tokyo, 
University, Tokyo, Japan! and T. Yamamoto (NASA, Lewis Re- 
search Center, Cleveland, OH; Tokyo University of Agriculture and 
Technotogy, Tokyo, Japan). (American Society of Lubrication 
Engineers, Annual Meeting, 36th, Pittsburgh, PA, May 11-14, 1981.) 
ASLE Transactions, yol, 25, Apr. 1982, p. 198-205; Discussion, p, 
205; Authors' Closure, p, 205, 206. 17 refs. 

(Previously announced in STAR as N81-1 1395) 


A82-3S036 * # Small gas turbine combustor primary zone develop- 
ment R. E. Sullivan, K S. Novjck, G. A. Miles (General Motors Corp., Detroit 
Diesel Allison Dlv„ Indianapolis, IN), and D. Brlehj (NASA, Lewis Research Cen- 
ter, Cleveland, OH), AtAA, SAE, andASME, Joint Propulsion Conference, 16th, 
Cleveland, OH, June 21-23, 1982, Al A A Paper 82-1159. 11 p. 6 refs. Contract 
No. NAS3-22762. 

Designers of small gas turbine engines prefer a close-coupled compressor to 
turbine shafting arrangement, which in some designs necessitates the use of a 
small reverse-flow annular combustor. A design methodology for obtaining the 
maximum performance potential of these combustors is necessary. This paper 
describes an approach to optimize the design process and gain insight Into pri- 
mary zone performance through interactive theoretical analyses and experimen- 
tal tests. Three candidate combustor designs are described which address the 
performance limiting problem areas associated with small annular combustors. 
Design methodology centers around understanding and controlling primary zone 
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aerodynamics and the Interaction ot the distributed tuel with Intoma! airflow pat- 
terns. Complete three-dimensional flow field analytical performance prediction 
procedures are presented and results compared with performance and emission 
measurements described by probes located at the exit of the primary zone. The 
effective use of analytical performance prediction methods in the design process 
is demonstrated. jAulhor) 


function and. thus. Increase the dynamic loads In spur gearing. 
In addition, a finite element stress and mash subprogram was 
devetoped for future introduction Into the mairi program for 
calculating Ihe gear tooth bending stresses ur^er dynamic 
loads. Am. 


A82-35062 ^ # Conbuttor development for automotive gas turbines. 

P. T. Ross. R. Willisms (General Motors Corp., Detroit Diesel Allison Div„ 
Indianapolis, IN), and D. N. Anderson (NAGA, Lewis Research Center, Cleveland, 
OH). AtAA. SAB, and ASMS, Joint Propulsion Conference, 18th, Cleveland, OH, 
June 2h23, 1982, AIAA Paper 82*1 208 , 9 p. 0 refs, Research supported by the 
U.S. Department of Energy; Contract No. DEN3-168. 

The development of a combustion system for the AGT 100 automotive gas 
turbine engine is described. A maximum turbine inlet temperature of 1288 C 
reached during the regenerative cycle, and air up to 1024 C is supplied to the 
combustor Inlet A premlx/prevaporizatlon ceramic combustor employing vari- 
able geometry to control burning zone temperature was developed and tested. 
Tests on both metal and ceramic combustors showed that emissions were a 
function of burner Inlet temperature (BIT). At 999 C BIT, NO(x) emissions were 
two orders of magnitude below program goals, and at the same temperature but 
at a different variable geometry position, the CO was 30 times below program 
goal Tests to evaluate the durability of the ceramic materials showed no failures 
during steady-state operation; however, some cracks developed in the dome 
during extended transient operation. C.D, 


A82-35468 * # Nonlinear analyaia of rotor-bearing ayatema using com- 
ponent mode tyntheait. H. D, Nelson, W. L, Meacham (Arizona State Univer- 
sity, Tempe.AZ), p, P. Fleming (NASA, Lewis Research Center, Cleveland, OH), 
and A. F. Kascak (U.S. Army, Propulsion Laboratory, Cleveland, OH), American 
Society of Mechanical Engineers, International Gas Turbine Conference and 
Exhibit, 27th, London. England, Apr. 18-22, 1982, Paper 82-C^t^03,i0pr 19 refs. 
Members, $2.00; nonmembers, $4.00. Grant No. NAG3-6. 

The memod of component mode synthesis is developed to determine the 
forced response of nonlinear, multishaft, rotor-bearing systems. The formulation 
allows for simulation of system response due to blade loss, distributed unbalance, 
base shock, maneuver toads, and specified fixed frame forces. The motion of 
each rotating component of the system is described by superposing constraint 
modes associated with boundary coordinates and constrained processional 
modes associated with Internal coordinates, The precesslonal modes are trun- 
cated for each component and the reduced component equations are assembled 
with the nonlinear supports and Interconnections to form a set of nonlinear system 
equations of reduced order. These equations are then numerically Integrated to 
obtain the system response, A computer program, which is presently restricted 
to single shaft systems, has been written and results are presented for transient 
system response associated with blade loss dynamics with squeeze film damp- 
ers, and with Interference rubs. (Author) 


A62-37854 ^ Performance of PTFE-Mned composite iournal bearings. 

H. E, Sliney (NASA, Lewis Research Center, Cleveland, OH) and F, J. Williams 
(Rockwell International Corp., North American Aviation Dlv„ Los Angeles, CA), 
American Society of Lubrication Engineers, Annual Meeting, 37th, Cincinnati, On, 
May iO-13, 1982, Preprint B2-AMHA-t7p. 10 refs. Contract No. NAS3-22123. 
(Previous V announced In STAR as N82-17263) 


N82-10401^| Cleveland State Univ,, Ohio, Dept, of Mechanical 
Engineering. 

A MULTI-PURPOSE METHOD FOR ANALYSIS OF SPUR 
GEAR TOOTH LOADING Final Report 

R, Kasuba, J, W. Evans, R. August, and J. L. Prater Oct. 1981 
106 p refs 

(Contract NAS3-18547) 

(NASA-CR-165163) Avail: NTIS HC A06/MF A01 CSCL 
131 

A large digitized approach was developed for the static and 
dynamic load analysis of spur gearing. An iterative procedure 
was used to calculate directly the Variable-variable' gear mesh 
stiffness as a function of transmitted load, gear tooth profile 
errors, gear tooth deflections and gear hub torsionai deformation, 
and position of contacting profile points. The developed approach 
cfn be used to analyze the loads, Hertz stresses, and PV for 
the normal and high contrast ratio gearing, presently the 
modeling is limited to the condition that for a given gear ali 
teeth have Identical spacing and profiles (with or without surface 
imperfections). Certain types of simulated sinusoidal profile errors 
and pitting can cause interruptions of the gear mesh stiffness 


NII2-1148$^# Ruckotdyne. Canoga Park, Catif. 

ADVANCED SUPERPOSITION METHODS FOR HIGH SPEED 
TURSOPUMP VIBRATION ANALYSIS InteHm Report 

C. E. Nietson and A. D. Campany 19 May 1981 96 p refs 

(Contract NAS3-22480) 

(NASA-CR-1 65379; RI/R08M49) Avail; NTIS 

HC A05/MF A01 CSCL 131 

The small, high pressure Mark 48 liquid hydrogen turbopurnp 
v/as analyzed and dynamically tested to determine the cause of 
high speed vibraL»:r at an operating speed of 92,400 rpm- This 
aoproaches the design point operating speed of 95,000 rpm<^ 
The initial dynamic analysis in the design stage and subsequent 
further analysis of the rotor only dynamics failed to predict the 
vibration characteristics found during testing. An advanced 
procedure for dynamics analysis was used In this Investigation, 
The procedure involves developing accurate dynamic models of 
the rotor assembly and casing assembly by finite element analysis. 
The dynamically instrumented assemblies are independentiy rap 
tested to verify the analytical models. The verified models are 
then combined by modal superposition techniques to develop a 
completed turbopump model where dynamic charecteristics (irr 
determined. The results of the dynamic testing and analysis 
obtained are presented and methods of moving the high speed 
vibration characteristics to speeds above the operating range 
are recommended. Recommendations for use of these advanced 
dynamic analysis procedures during initial design phases are 
given. Author 


N82-11466*ilf Mechanical Technology, lnc„ Latham, N, Y. 
PRELiMiNARY STUDY OF TEMPiRATURi MEASUREMENT 
TECHNIQUES FOR 8TIRUNG ENGINE RECIPROCATING 
SEALS Final Report 

Donald F. Wilcock, Leo Hoogenboom, Maarten Meinders, and 
Ward 0. Winer Aug, 1981 82 p Prepared in cooperation 

with Georgia Inst, of Tech. 

(Contracts DEN3-227; DE-AI01-77CS-61040) 
(NASA-CR-165479; DOE/ NASA/0227-1; MTI82-TR-4) Avail.* 
NTIS HC A05/MF A01 QSCL11A 

Methods of determining the contact surface temperature in 
reciprocating seals are investigated. Direct infrared measurement 
of surface temperatures of a rod exiting a loaded cap seal or 
simulated seal are compared with surface thermocouple measure- 
ments. Significant cooling of the surface requires several 
milliseconds so that exit temperatures m:^y be considered 
representative of internal contact temperatures. S.L. 


N82-1 1467*1 Pratt and Whitney Aircraft Group, East Hartford, 
Conn. Commercial Products Div. 

JT8D HIGH PRESSURE COMPRESSOR PERFORMANCE 
IMPROVEMENT Progress Report, Sep. 1978 - Apr, 1981 

W. 0. Gaffin 11 Nov. 1981 47 p ref 
(Contract NAS3-20630) 

(NASA-CR-165531; PWA-5515062) Avail: NTIS 

HC A03/MF A01 CSCL 131 

An improved performance high pressure compressor with 
potential application to all models of the JT6D engine was 
designed. The concept consisted of a trenched abradable rubstrip 
which mates with the blade tips for each of the even rotor 
stages. This feature allows tip clearances to be set so blade 
tips run at or near the optimum radius relative to the flowpath 
wall, without the danger of damaging the blades during transients 
and maneuvers. The improved compressor demonstrated thrust 
specific fuel consumption and exhaust gas temperature improve- 
ments of 1.0 percent and at (east 10 C over the takeoff and 
Ulimb power range at sea level static conditions, compared to a 
b|)i-of-matertal high pressure compressor. Surge margin also 
improved 4 percentage points over the high power operating 
range. A thrust specific fuel consumption Improvement of 0,7 
percent at typical cruise conditions was calculated based on the 
sea level test results. B.W. 
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N12*114M*^| BockQtdyner Canogi Park^ Calif. 

LIQUID OXYGEN TUflBOPUMP TECHNOLOGY Final 
Rapoft 

a E, Nielson Nov. 1981 ^62 p lefs 
(Contract NAS3-213B6) 

(NASA-CRO 65487; RI/RD8M99) Avail; NJIS 

HC A12/MF A01 CSCt 131 

A smatlp hiob*presiure, LOX turbopump was designed, 
fabricated and tested. The pump Is a single-stage centrifugal 
type with power to the pump supplied by a single-stage 
partial-admission axial-impulse turbine. Design conditions Included 
an operating speed of 7330 rad/s (70,000 rpmh pump dis^ 
charge pressure of 2977 N/sqcm (4318 psia), and a pump 
flowrate of 16 4 Kg/s (36,21 Ib/s), The turbopump contains a 
self-compensating axial thrust balance piston to eliminate axial 
thrust loads 6n the bearings during steady-state operation. Testing 
of the turbopump was achieved usng a gaseous hydrogen 
high-pressure flow to drive the turbine, which generally is propolled 
by L0X/LH2 cofhbustion products, at 104 IK (1874 R) inlet 
temperature and at a design pressure ratio of 1.424. Test data 
obtained with the turbopump are presented which include 
head -flow-efficiency performance, suction performance, balance 
piston performance and LOX seal performance. Mechanical 
performance of the turbopump Is slso discussed. Author 


N82-12444*| Chrysler Corp., Detroit. Mich, 

AQT«102 AUTOMOTIVE GAS TURBINE Summary Report 
Jun< 1981 434 p refs Sponsored by NASA. Lewis Research 
Center Prepared jointly with Williams Research Corp., Wailed 
Lake, Mich. 

(Contract DE-AC02-76CS-52749) 

(NASA-CR-1 65353: OOE/NASA/2749-81/ 1 1 Avail: NTIS 
HC A19/MF A01 CSCL 131 

Development of a gas turbine powertrain with a 30% fuel 
economy Improvement over a comparable Si reciprocating engine, 
operation within 0.41 HC, 3.4 CO, and 0.40 NOx grams per 
mils emissions levels, and ability to use b variety of aliornite 
fuels is summarized. The powertrain concept consists of a 
single-shaft engine with a ceramic inner sheii for containment 
of hot gjsses and support of twin regenerators. It uses a 
fixed-geometry, lean, premixed, prevaporized combustor, end a 
caramic radial turbine rotor supported by an air-lubricated journal 
bearing. Tne engine is coupled to the vehicle though a widerange 
continuously variable transmission, which utilizes gearing and a 
variable-ratio metal compression belt, A response assist flywheel 
is used to achieve acceptable levels of engine response. The 
package offers a 100 lb weight advantage in a Chrysler K Car 
front-wheel -drive Installation. Initial layout studies, preliminary 
transient thermal analysis, ceramic inner housing structural 
analysis, and detailed performance analysis were carried out for 
the basic engine, S.L. 


N82-12445*lil Bales-McColn Traction matic, tnc„ El Paso, Tex. 

DEBIQN STUDY OF A CON TINUOUSLY VARIABLE ROLLER 
CONE TRACTION CVT FOR ELECTRIC VEHICLES Final 
Report 

Dan K, McCoin and R. D. Walfror Sep. 1980 197 p refs 
(Contract DEN3-115; EC-77-A-3 1-1044) 

(NASA-CR- 1 59841 : DOE/ NASA/01 1 5-30/ 1 ; 
Bale8.McCofn-80-BMT-002) Avtil; NTIS HC A09/MF A01 
CSCL 13! 

Continuously variable ratio transmissions (CVT) featuring cone 
and roller traction elements and computerized controls are studied. 
The CVT meets or exceeds all requirements set forth in the 
design criteria, Further, a scalability analysis indicates the basic 
concept is applicable to lower and higher power units, with 
upward scaling for increased power being more readily ac- 
complished. S.L 


N82-13427*']il Aerojet Nuclear Systems Co., Sacramento, Calif. 

LOW-THRUST CHEMICAL PROPULSION SYSTEM PUMP 
TECHNOLOGY Final Report 

R. L Sabiers and A. Siebenhaar Mar. 1981 201 p refs 
(Contract NAS3-21960) 

(NASA-CR-165219) Avail; NTIS HC A10/MF A01 CSCL 
13K 

Candidate pump and driver systems for low thrust cargo 
orbit transfer vehicle engines which deliver large space structures 
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to goosynchronous equatorle) orbit and beyond are evaluated. 
The pumps operate to 66 atmospheres (1000 psi) discharge 
pressure end flowretes suited tc cryogenic ertgints using either 
LOX/ methane or LOX/hydrogan propellants in thrust ranges from 
445 to 8900 N (ICO to 2000 lb F). Analysis of the various 
pumps and drivers indicate that the low specific speed re qulrenve nt 
wirl make high fluid efficiencies difficult to achieve. As such, 
multiple stages are required. )n addition^ ell pumps require inducer 
stages. The rpost attractive main pumps are '^e multistage 
centrifugal pumps. S.L 


N82-14620| Massachusetts Inst, of Tech., Cambridge. National 
Magnet Lab, 

CONCEPTUAL DESIGN OF SUPERCONDUCTING MAGNET 
SYSTEM FOR MAQNETOHYORODYNAMIC (MHD) ENGI- 
NEERING TEST FACILITY (ETF) 200 MWe POWER PLANT 
Final Report 
Nov. 1981 259 p refs 
(Grant NAG3-100) 

(NASA-CR-165053: FBNML-NAS-E-2) Avail: NTIS 

HC A12/MF A01 CSCL 14B 

A super conducting magnut system conceptual design to 
meet the requirements of a magnetohydrodynamlc test facility 
power train is presented. A detailed description of the magnet 
is accompanied by numerous engineering drawings, Furictional 
requirements, system interfaces, and design criteria are reviewed. 
System limits, safety precautions, operational procedures, and 
maintenance procedures are discussed, R.J F, 


NS2-1 6409^1 Transmission Research, Inc., Cleveland, Ohio. 
TRACTIOrJ CONTACT PERFORMANCE EVALUATION AT 
HIGH SPEEDS Interim Report 

Joseph L, Tevaarwerk (Applied Tribology Ltd) Sep. 1981 
1 93 p refs 

(Contract DEN3-35: EC-77-A-3M011) 

(NASA-CR-165226; DOE/NASA/0035-1) Avail. NTIS 

HC A09/MF A01 CSCL 131 

The results of traction tests performed on two fluids are 
presented. These tests ceverod a pressure range of 1.0 to 2.5 GPa, 
an inlet temperature range of 30 'C to 70 "C, a speed range of 
10 to 60 m/sec. aspect ratios of >5 to 5 and spin from 0 to 
2.1 percent. The test results are presented in the form of two 
dimensionless parameters, the initial traction slope and the 
maximum traction peak. With the use of a suitable rheological 
fluid model the actual traction curves measured can now be 
reconstituted from the two fluid parameters. Mom importantly, 
the knowledge of these parameters together with the fluid 
rheological model, allow the prediction of traction under conditions 
of spin, slip and any combination thereof. Comparison between 
theoretically predicted traction under these conditions and those 
measured In actual traction tests shows that this method gives 
good results. Author 


N82-16410*||( Eaton Corp., Southfield, Mich. Engineering 
and Research Center. 

SMALL PASSENGER CAR TRANSMISSION TEST: CHEV- 
ROLET MALIBU 200C TRANSMISSION WITH LOCKUP 

M. P. Bujold Aug, 1981 245 p refs 
(Contracts DEN3-124; 0E.AI01-77CS-51044) 
{NASA-CR-165182; DOE/ NASA/01 24-6: ERC-TR-81 25) Avail; 
NTIS CSCL 13F 

The small passenger car transmission test was initiated to 
supply electric vehicle manufacturers with technical information 
regarding the performance of commerciaily available transmissions, 
This Information would enable EV manufacturers to design a 
more energy efficient vehicle. With this Information the manufac- 
turers Would be able to estimate vehicle driving range as well 
as speed and torque requirements for specific road load 
performance characteristics, This report covers the testing of a 
Chevrolet Malibu 200C automatic transmission with lockup. 1>ie 
transmission was tested in accordance with a passenger car 
automatic transmission test code (SAE J651b) which required 
drive performarce, coast performance, and no toad test conditions. 
Under those test conditions, the transmission attained maximum 
efficiencies in the mid 90 percent range both for drive performart :e 
test and coast performance tests. The torque, speed and efficiency 
curves map the complete performance characteristics Yor the 
Chevrolet Malibu 200C automatic transmission with lockup. 

Author 
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Nt2-1Si03*‘/jf Pratt and Whitney Aircraft Group. Esat Hartford. 
Conn, Commercial Products Dlv. 

JTtD CERAMIC OUTER AIR SEAL SYSTEM REFINEMENT 
PROGRAM Proortii Report* Jen. 197S • Feb* 1991 
W. 0. Gaffin 27 Jan. 1982 84 p refs 
{Contract NAS3-20630) 

(NASA-CR-1 65564; PWA-6516.166) Avail: NTIS 

HCA05/MPA01 CSCLllA 

The abradability and durability charactorlstics of the plasma 
sprayed system were improved by refinement and optimization 
of the plasma spray process and the metal substrate design. 
The acceptability of the final seal system for engine testing was 
demonstrated by an extensive rig test program which huluded 
thermal shock tolerance, thermal gradient, thermal cycle* erosion, 
and abradability tests. An Interim seal system design was also 
subjected to 2500 endurance test cycles In a JT9D*7 engine. 

T.M. 


N82«20640*|)l SKF Technology Se flees* King of Prussia* Pa. 
Technology Son/ices. 

SPHERICAL ROLLER BEARING ANALYSIS* SKF COMPUT* 
ER PROGRAM SPHERBEAN* VOLUME 1: ANALYSIS Final 
Report. Jun* 1978 * Dec. 1980 

R. J. Kleckner and J. PIrvIcs Dec, 1980 86 p refs 3 Vo|. 
(Contract NAS3-20824) 

(NASA.CR*165203; NAS 1.26:166203; ATBlDOOB-VoM) 
Avail: NTIS HC A05/MF A01 CSCL 131 

The models and associated mathematics used within the 
SPHEBBEAN computer program for prediction of the thermome* 
chanical performance characteristics of high speed lubricated 
double row spherical roller bearings are presented. The analysis 
allows six degrees of freedom for each roller ar^d three for each 
half of an optionally spilt cage. Roller skew* free lubricant* Inertial 
loads* appropriate elastic and friction forces, and flexible outer 
ring are considered. Roller quasidynamic equilibrium Is calculated 
for a bearing with up to 30 rollers per row* and distinct roller 
and flange geometries are specifiable. The user is referred to 
the material contained here for formulation assumptions and 
algorithm dp??i|, J.D.H. 


N'82-5K;i*9^1*# SKF Technology Services* King of Prussia* Pa, 
T^rchr.\f:ogy Services. 

SPHERICAL ROLLER BEARING ANALYSIS* SKF COMPUT- 
ER PROGRAM SPHERBEAN. VOLUME 2; USER^S MANUAL 
Final Report* Jun* 1978 * Dac, 1980 

R. J. Kleckner and G. Dyba Dec. 1980 150 p refs 3 Vol. 

(Contract NAS3-20824) 

(NASA-CR*165a04; NAS 1.26:165204: AT81 D007-Vol-2) 
Avail: NTIS HC A07/MF AOl CSCL 13I 

The user's guide for the SPHERBEAN computer program 
for prediction of the thermomechanical performance characteris- 
tics of high speed lubricated double row spherical roller bear- 
ings is presented. The material presented is structured to guide 
the user in the practical and correct implementation of 
SPHERBEAN, Input and output* guidelines for program use, and 
sample executions are detailed J.D.H* 


N82-20642'*jif SKF Technology Services. King of Prussia* Pa. 
Technology Services. 

SPHERICAL ROLLER BEARING ANALYSIS* SKF COMPUT- 
ER PROGRAM SPHERBEAN. VOLUME 3: PROGRAM 

CORRELATION WITH FULL SCALE HARDWARE TESTS 
Final Report* Jun* 1978 - Dec* 1980 

R. J. Kleckner, J. W. Rosenlieb. and G. Dyba Dec. 1980 
225 p refs 3 Vol. 

(Contract NAS3-2O024) 

(NASA-CR-165205; NAS 1.26:165205; AT81 D008-Vol-3) 
♦Avail: NTIS HC A10/MF AOl CSCL 131 

The results of a series of full scale hardware tests compar- 
ing predictions of the SPHERBEAN computer program with 
measured data are presented. The SPHERBEAN program predicts 
the thermomechanical performance characteristics of high speed 
lubricated double row spherical roti<'r bearings. The degree of 
correlation between performai™ n predicted by SPHERBEAN and 
measured data is demonstrated. Experimental and calculated 
performance data Is compared over a range in speed up to 
19,400 rpm (0.8 MON) under pure radial, pure axial, and 
combined loads. J.D.H. 


NS2-24498*# Eaton Engineering and Research Center, South- 
field* Mich. 

SMALL PASSENGER CAR TRANSMISSION TEST; MER- 
CURY LYNX ATX TRANSMISSION Final Report 
M. P. Bujold Sep. 1981 335 p 
(Contract DEN3-124; DE-AI01-77CS-61044) 
|NASA-CR^166610; DOE/NASA/0124-7; NAS 1*26:166510; 
ERC-TR-B191) Avail; NTIS HC A15/MF AOl CSCL 131 
The testing of a Mercury Lynx automatic transmission Is 
reported* The transmission was tested In rtccordance with 
passenger car automatic transmission test code (SAE J65lb) 
required drive performance* coast performance* and no t#]t 
conditions, Under these conditions, the transmission 
maximum efficiencies In the mid-ninety percent range both for 
drive performance test and coast performance tests. The to;que, 
speed* and efficiency curves are presented, which provide the 
complete performance characteristics for the Mercury Lynx 
automatic transmission* J.O* 


N82^26R1d*/)l 1:1^01$ Univ.* Chicago. Dept, of Materials 

Engineering. 

MATHEMATICAL MODELS FOR THE SYNTHESIS AND 
OPTIMIZATION OF SPIRAL BEVEL GEAR TOOTH SUR- 
FACES Final Report 

F. L, Litvin, Perrraz Rahman* and Robert N. Goldrlch Jun. 1982 
1 22 p fels 
(Grant NAG3-48) 

(NASA-CR-3553; NAS |,26;3353) Avail: NTIS 

HC A06/MF AOl CSCL 131 

The geometry of spiral bevel gears and to their rational 
design are studied. The nonconjugafe tooth surfaces of spiral 
bevel gears are* In theoiy* replaced (or approximated) by 
conjugated tooth surfaces. These surfaces can be generated by 
two conical surfaces* and by a conical surface and a revolution. 
Although these conjugated tooth surfaces are simpler than the 
actual ones* the determination of their principal curvatures and 
directions Is still a coinpllcated problem. Therefore* a new 
approach* to ihe solution of these Is proposed. Direct relationships 
between the principal curvatures and directions of the tool surface 
and those of the generated gear suiface are obtained. With the 
aid of these analytical tools* the Hertzian contact problem for 
conjugate tooth surfaces can bo solved* These results are useful 
In determining compressive load capacity and surface fatigue 
life of spiral bevel gears* A general theory of kinematical errors 
exerted by manufacturing and assembly errors is developed. This 
theory Is used to determine the analytical relationship between 
gear misalignments and kinematical errors. This is Important to 
the study of noise and vibration in geared systems. S.L 


N82*26679*/{l Anderson (William J ), North Olmsted, Ohio, 
BEARINGS: TECHNOLOGY AND NEEDS Final Report 
William J. Anderson May 1982 21 p refs Presented at the 
59th Meeting of the Propulsion and Energetics Panel Symp. on 
Problems In Bearings and Lubrication, Ottawa, 31 May • 3 Jun. 
1982; sponsored by AGARD 
(Contract NAS3-23157; DA froj. 1 L1-62209-AH-76) 
(NASA-CR-167908: NAS 1.26:167908) Avail: NTIS 

HC A02/MF A01 CSCL 131 

A brief status report on bearing technology and present and 
near-term future problems that warrant research support Is 
presented. For rolling element bearings a material with improved 
fracture toughness* life data in the low Lambda region* a 
comprehenaive failure theory verified by life data and incorporated 
into dynamic analyses* and an improved corrosion resistant alloy 
are perceived as important needs. For hydrodynamic bearings 
better definition of cavitation boundaries and pressure distributions 
for squeeze film dampers, and geometry optimization for minimum 
power loss In turbulent film bearings are needed. For gas Him 
bearings* foil bearing geometries that form more nearly optimum 
film shapes for maximum load capacity* and more effective surface 
protective coatings for high temperature operation are needed. 

Autnor 


N82'26680*jil California State Unlv.* Los Angeles. Dept, of 
Mechanical Engineering. 

ELECTROSTATIC FUEL CONDITIONING OF INTERNAL 
COMBUSTION ENGINES 

Phillip I. Gold 15 Jun. 1982 117 p refs 
(Grant NAG3-73) 
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{NASA*CR.16t;029i NAS 1 26:1CSC29) Avail: *NTIS 
HC A06/MF AOi CSC‘ 21A 

Diesel engines were tested to determine if they are Influenced 
by the presence of electrostatic and magnetic fields, field forces 
were applied In a variety of configurations Including protreatrnent 
of the fuel and air, however^ no affect on engine performance 
was observed S.L 


N82-27743*# Curt(ss*Wright Corp., Wood-Ridge. N,J. Rotary 
Engine Facility. 

ADVANCED STRATIHED CHAAQE HGTAflY AIRCflAFT 
ENGINE DESIGN STUDY 

P. Badgley, M. Barkowltz, C. Jones, D. Myers, E. Norwood, W. 
B. Pratt, D, R. Ellis (Cessna Aircraft Corp.), G, Huggins (Cessna 
Aircraft Corp.), A. Mueller (Cessna Aircraft Corp ), and J H, 
Hembrey (Cessna Aircraft Corp.) 29 Jan, 1982 149 p refs 

(Contract NAS3-21285) 

f.NASA-CR^ 165398; NAS 1.26:165398; CW-WR-81.021) Avail: 
NTIS HC A07/MF AQ1 CSCL 21 A 

A technology base of new developments which offered 
potential benehts to a general aviation engine was compiled 
and ranked. Using design approaches selected from the ranked 
list, conceptual design studies were performed of an advanced 
and a highly advanced engine sized to provide 186/25C shaft 
Kw/HP under cniise conditions at 7620/25.000 m/ft altitude. 
These are turbocharged, direct-injected stratified charge engines 
Intended for commercial introduction (n the early 1990*s. The 
engine descriptive dav; includes tables, curves, and drawings 
depicting configuration, performance, weights and sizes, heat 
rejection, ignition and fuel Injection system descriptions, mainte- 
nance requheniefits, and scaling data for varying power. An 
engine-airframe Integration study of the resulting engines in 
advanced airframes was performed on a comparative basis with 
current production type anginas. Tne results show airplane 
performance, costs, noise & Installation factors. The rotary-engined 
airplanes display tibstantial improvements over the baseline, 
including 30 to 35*^ lower fuel usage. A.R.H. 


N82-29607*| Cincinnati Univ., Ohio. Dept, of Mechanical 
Engineering 

ON FINITE ELEMENT STRESS ANALYSIS OF SPUR 
GEARS 

S, H Chang and R. L. Huston Jul. 1932 53 p refs 
(Grant NsG-3188) 

(NASA-CR-1 67938; NAS 1.26:167938) Avail; NTIS 
HC A04/MF AOI CSCL 13j 

Spur gear stress analysis results are presented for a variety 
of loading conditions, support conditions, root radjj. and rime 
thicknesses. These results are obtained using the SAP-IV finite 
element code. The maximum stresses, occurring at the root 
surface, substantially Increase with decreasing rim thickness for 
partially supported rims (that is, with loose fitting hubs). For 
fully supported rims (that Is, with tight fitting hubs), the root 
surface stresses slightly decrease with decreasing rim thickness. 
The fillet radius has a significant effect upon the maximum stesses 
at the root surface. Those stresses increase with decreasing fillet 
radius. Finally, the fillet radius has little effect upon the internal 
root section stresses, S.L. 


A82-11783 • a The AGT101 technology • An automotive 
alternative. R. A. Rackley and K. A, Davis (Garrett Turbine Engine 
Co.. Phoenix. AZ). In: Intersociety Energy Conversion Engineering 
Conference. 16th, Atlanta. GA, August 9-14, 1(?/(81. Proceedings. 
Volume 2. (A82-11701 0244) New York, American Society of 
Mechanical Engineers, 1981, p, 1403-1407, Contract No, DEN3-167. 

The Advanced Gas Turbine Powertrain System Development 
Project Is oriented at providing the United States automotive 
Industry the technology base necessary to produce gas turbine 
powertrains for automotive applications that will have: (1) reduced 
fuel consumption, (2) the ability to use a variety of fuels, (3) low 
omissions, and (4) competitive cost/performance. The AGT101 
poyvertrain being developed consists of a regenerated single-shaft gas 
turbine engine flat rated at 74.6 kW (100 hp) coupled to a 
split-differential goarbox and a Ford automatic overdrive production 
transmission. Performance predictions for the AGT10T powertrain 
represent a 59-percent Improvement in mileage estimates over a 1985 
conventionally-powered automobile for the combined federal driving 
cycle, (Author) 
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A82-18407 * Alignment of fluid molecuUs in an EHD 

contacts J, L. Lauer, L, E, Keller, F, H» Choi, and V* W. King 
(Rensselaer Polytechnic Institute. Troy, A?nencan Sochty of 
Lubrication Engineers and American Society of Mechmical En* 
gineers. Lubrication Conference, flew Orleans, LA, Oct 5*7, 1981, 
ASLE Pr^rlnt 81*LC*5C4, 8 p, 7 refs. Members, $2,00; non^ 
members, $4.00, Grants No, AF-AFOSR^78-3473; No, NsG-3170. 

Dichroic infrared emission spectra have been obtained from an 
operating elastohydrodynamlc contact under conditions showing 
unequivocally that the molecules of the fluid are aligned under shear 
flow In the bulk of the fluid and that the extent of the alignment is 
increased by the presence of an additive in a small concentration. 
This work applied particularly to polyphenyl ether and |o 1,1,2- 
trichioroothane as the additive, but similar results have been obtained 
with polycyclohexyls and the sami additive. The observation of two 
separate glass transitions for the polycyclohexyl solution Is an 
indication of the occurrence of a phase separation in the Hertzian 
inlet zone, A mode! has been developed to explain the effect of these 
phenomena and their relation to traction, (Author) 


A82-18428 * # Measurement of oil film thickness for applica- 
tion to elastcmeric Stirling engine rod seals. A. I, Krauter (Carrier 
Corp., Research Div,, Syracuse, W), American Society of Mechani- 
cal Engineers and American Society of Lubrication Engineers, Joint 
Lubrication Conference, New Orleans, LA, Oct 5-7, 1981, ASME 
Paper 81- LuthB, 5 p. 10 refs, Members. $2.00; non members, $4.00. 
Contract No. DEN3-22. 

The rod seal in the Stirling engine has the function of separating 
high pressure gas from low or ambient pressure oil. An experimental 
apparatus was designed to measure the oil film thickness distribution 
for an elastomeric seal In a reciprocating application, Tests were 
conducted on commercial elastomeric seals having a 76 mm rod and 
a 3.8 mm axial width. Test conditions Included 70 and 90 seal 
durometers, a sliding velocity of 0,8 m/sec, and a zero pressure 
gradient across the seal. An acrylic cylinder and a typical synthetic 
base automotive lubricant were used, The experimental results 
showed Ihet the effect of seal hardness on the oil film thickness is 
considerable, A comparison between analytical and experimental oil 
film profiles for an elastomeric seal during rojativoly high speed 
reciprocating motion showed an overall qualitative agreement, J,F, 


A82-18431 * // Regimes of traction in concentrated contact 
lubrication. S, Bair and W, 0. Winer (Georgia Institute of Technol- 
ogy. Atlanta, GA), American Society of Mechanical Engineers and 
American Society of Lubrication Engineers, Joint Lubrication 
Conference, New Orleans, LA, Oct, 5 7, 1981, ASME Paper 
81-Lub-16, 5 p, 1 1 refs. Members, $2.00; nonmembers. $4.00. Grant 
No, NsG-3106, 

Experimental evidence Is presented for the existence of three 
regimes of traction In concentrated contacts. Data are obtained In a 
rolling contact simulator by varying the lubricant, temperature, 
rolling speed, load and surface roughness at a fixed slide-to*ro|l ratH 
Atiower thicknesses the mixed regime is encountered, and traction is 
increased due to asperity interaction, while at higher film thick- 
nesses. the lubricant pressure is distributed over a greater area than 
the Hertzian region, resulting In a lower average pressure and reduced 
traction. D.L.G. 


A82-18449 * g Single pass rub phenomena • Analysis and 
experiment. F. E. Kennedy (Dartmouth College, Hanover, NH), 
American Society of Mechanical Engineers and American Society of 
Lubrication Engineers, Joint Lubrication Conference, New Orleans, 
LA, Oct, 5’7, 1981, ASME Paper 8ULub-55, 7 p. 10 refs, Members, 
32,00; nonmembers, $4,00. Grant No, NsG-3253, 

An experimental and analytical Investigation Is presented of 
ojntact phenomena for the case of a fully-dense copper gas path seal 
segment which Is rubbed by a single steel blade tip at room 
temperature. The experiments were executed on a pendulum-type 
test device, with forces, rub energy, surface temperature and residual 
deformation being determined for each single-path rub test. The 
thermal and mechanical factors Influencing single-pass rub surface 
temperatures were modeled analytically. It Is found that large plastic 
strains occurred on or near the contact surface of the copper rub 
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specimens. A study of the Influence of various material properties on 
surface temperature showed that increased thermal conductivity of 
the stationary component played a role In lowerlno contact 
temperatures. Increased thermal conductivity of the moving blade tip 
com4>onont and Increased thermal dlffuslvlty of the stationary 
material also had a beneficial effect. O.C. 


dynamics and hioh*tomporaturo structural ceramics. Bellabllity roqulromonts of 
tho AGT too turbine system includo chemical and structural ceramlo component 
stability In tho gas turbine environment The power train system# Us configuration 
and schedule are presented, and its performance tested. The aerodynamic com* 
ponont development Is reviewed with discussions on tho compressor, turbine, 
regenerator. Interturbine duct and scroll, and combustor. Ceramic compOf;.^nt 
dovotopmont is also reviewed, and production cost and required capital invevtt* 
ment are taken into considoratlon. D L.G. 


A82*19334 * M Surface geometry of circular cut fplrai bevel 
gears. R, L* Huston (Cincinnati, University, Cincinnati, OH) and j. J. 
Coy (U,S. Army, Propulsion Laboratory, Cleveland, OH). Amerhm 
Society of Mechanical Bnglneers, Design Engineering Technical 
Conference, Hartford, CT^Sept 20-23, 1981, Paper 8TDET*t14* 6 
P. 7 refs, Mnmbcrs, $2.00,* nonmembers, $4.00. Grant No. NsG*3188. 

An analysis of tho surface geometry of spiral bevel gears formed 
by a circular cutter Is presented. The emphasis Is upon determining 
the tooth surface principal radii of curvature of crown (flat) gears. 
Specific results are presented for inv()|ute, straight, and hyperbolic 
cutter profiles. It Is shown that tho geometry of circular cut spiral 
bevel gears Is somewhat simpler than a theoretical logarithmic spiral 
bevel gear, (Author) 


A82-21967 * Anaerobic polymers as high vacuum laak 

sealants. B. R. F. Kendall (Pennsylvania State University, University 
Park, PA). Journal of Vacuum Science and Technology ^ vol. 20, Feb. 
1982, p, 248, 249, 5 refs. Research supported by tho Pennsylvania 
Research Corp.; Grant No. NsG*3301. 

Anaerobic polymers ore useful as solventless leak sealants with 
good vacuum properties at moderate temperatures. Loctite 290 can 
seat leaks In a range generally encountered in carefully constructed 
ultrahlgh vacuum and high vacuum systems, It was found that small 
leaks are sealed best under vacuum, whereas large leaks should be 
sealed at atmospheric pressure, Tho high'temperature behavior of 
Loctite 290 Is limited by Its fast cure, which prevents deep 
penetration Into small leaks; cracking eventually occurs at the 
entrance to the leak. Repeated thermal cycling to about 300 C Is 
possible, hovifever, provided viscosity, curing time, and leak size are 
properly matched to ensure penetration Into tho body of the leak. 
This may require special formulations for high temperature vacuum 
applications. J.F. 


A82-3S039 * # AQT101 automotive gaa turbine aystem deVelopmant. 

R A. Rackley and J. R. KIdwell (GarrottTurblno Engine Co„ Phoenix, AZ), A/AA, 
SAiE, and ASME^ Joint Propulsion CorforoncOt 18th, Cleyoland, OH, June 2i •23, 
1982, AIAA Paper 82-11 66. B p. Research sponsored by the U.S. Department of 
Energy; Contract No. DEN3-167. 

The AGT101 automotive gas turbine system consisting of a 74.6 kw regono* 
rated slngle-shafi gas turblno engine. Is presented, The development and testing 
of the system Is reviewed, and results lor aerolhermodynamic components Indi* 
cate that compressor and turbine performance levels are within one percent of 
pro)octed levels. Ceramic turbine rotor development Is encouraging with sue* 
cessful cold spin testing of simulated rotors to speeds over 12,043 rad/stvo. Spfn 
test results demonstrate that ceramic materials having the required strength 
levels can be fabricated by net shape techniques to tho thick hub cross section, 
which verifies the feasibility of the single-stage radial rotor in single-shaft engines. 

D,L.G. 


A82-35061 * # AGT100 turfaomachlnery. D. L. Tipton and T. F McKaln 
(General Motors Corp., Detroit Diesel AHlson Dlv,, Indianapolis, IN). AIAA, SAE, 
andASME, Joint Propulsion Conference, I8th, Cleveland, OH, June 21-23, 1982, 
AIAA Paper 82-1207, 11 p, Research supported by the U.S. Department of 
Energy; Contract No. DEN3-168. 

High-performance turbomachinery components have been designed and 
tested (or the AGT100 automotive engine. The required wide range of operation 
coupled with the small component size, compact packaging, and low cost of 
production provide significant aorodynartiic challenges. Aerodynamic design and 
development testing of the centrifugal compressor and two radial turbines are 
described. The compressor achieved design flow, pressure ratio, end surge mar- 
gin on the initial build. Variable Inlet guide vanes have proven effective In modulat- 
ing flow capacity and In improving part-speed efficiency. With optimum use of the 
variable Inlet guide vanes, the Initial efficiency goals have been demonstrated in 
the critical ldte-to-70% gasifier speed range. The gasifier turbine exceeded initial 
performance goals and demonstrated good performance over a wide range. The 
radial power turbine achieved 'developed' efficiency goals on tho first build. 

(Author) 


A82-27079 * jj Development of CdO-graphite-Ag coatings for 
gat bearings to 427 C. B. Bhushan (Mechanical Tochnology, Inc., 
Latham, NY). In*. Wear of materials 1981; Proceedings of the 
International Conference, San Francisco, CA, March 30-Aprll 1, 
1981, (A02-27051 12-37) New York, American Society of Me- 
chanical Engineers, 1981, p. 735*746. 21 refs. Research supported by 
tho Mechanical Technology, Inc.; Contracts No, DEN^43; No. 
EY-76 C-02-2749. 

Graphite Is one of the most commonly known lubricants. Its 
ofPiCtIvenoss In a range between room temrioraturc (RT) and 540 C Is 
reportedly Improved by adding cadmium oxide. CdO-graphlto 
powder In a gas carrier has been used In numerous applications that 
roly on dry lubrication. A coating of this composition was developed 
and successfully tested In foil air bearings for long periods up to a 
temperature of ,427 C and at a normal contacting load (during 
starting and stopping) of 14 kPa based on bearing projected area. The 
addition of ultra-fine silver to the CdO-grapHte has Improved the 
coating endurance. At 427 C, tho CdO-graphlte-Ag coating per- 
formed better than CdO-graphIte without silver, both for extended 
periods at 14 kPa loading and for limited periods r 5 t 35 kPa. At 288 
C, the coating was tested for an extended period up to 28 kPa and 
has also successfully completed high-speed shock tests to an 
acceleration level of lOOg. (Author) 


A82-35038 * # AGT 100 automotive gas turbine syaiem development. 

H. E, G, Helms (General Motors Corp., Detroit Diesel Allison Dlv., Indianapolis, 
IN). A/A A, SAE, andASME, Joint Propulsion Conference, 16(h, Cleveland, OH, 
June 21-23, 1982, AIAA Paper 82-1 165, 11 p. Research sponsored by the U.S. 
Depertment of Energy; Contract No. DEN3-1 60. 

General Motors Is developing an automotive gas turbine system that can be an 
alternate powerpiant for future automobiles. Work sponsored by DOE and admin- 
istered by NASA Lewis Research Center is emphasizing small component aero- 


A82-35321 ^ # The AGT 101 advanced automotive gas turbine. R, A. 

Rackley and J. R. KIdwell (Garrett Turbine Engine Co„ Phoen»x, AZ). Amerlcah 
Society of Mechanical Engineers, International Gas Turbine Conference and 
Exhibit, 27th, London, England, Apr. 18-22, 1982, Paper 82-GT-72. 9 p. Members, 
$2,00; nonmembers, $4.00. Research supported by the U.S. Department of En- 
ergy; Contract No. DEN3-167. 

A development program Is described whose goal is the accumulation of the 
technology base needed by the U.S. automotive industry for the production of 
automotive gas turbine powertrains. Such gas turbine designs rriust exhibit re- 
duced fuel consumption* a multi-fuel capability, and low exhaust emissions, The 
AGT1 01 powertrain described Is a 74.6 kW, regenerated single-shaft gas turbine, 
operating at a maximum Inlet temperature of 1644 K and coupled to a split 
differential gearbox and automatic overdrive transmission. The eng{nv)'s single 
stage centrifugal compressor and single stage radial inflow turbine are mounted 
on a common shaft, and will operate at a m.axlmum rotor speed of 100,000 rpm. 
All high temperature components, including the turbine rotor, are ceramic. 

O.C. 


A82-3S462 * # Engine dynamic analysts with general nonlinear finite 
element codes. II » Bearing clement Implementation, overall numerical 
characteristics and benchmarking. J. Radovan, M. Adams. P. Lam (Akron, 
University, Akron, OH), D. Fertis, and I. Zeld (Northeastern University, Boston, 
MA). Amen'can Society of Mechanical Engineers, International Gas Turbine Con- 
ference and Exhibit, 27ih, London, England, Apr, 18-22, 1982, Paper 82-GT-202 
9 p. 12 refs. Members. $2,00; nonmembors, $4.00. Grant No. NsG-3283. 

Second-year efforts within a three-year study to develop and extend finite 
element (FE) methodology to efficiently handle the iranslent/steady state re- 
sponse of rolor-bearing-stator structure associated with gas turbine engines are 
outlined, The two main areas aim at (1) Implanting the squeeze film damper 
element into a general purpose FE code for testing and evaluation; and (2) 
determining the numerical characteristics of the FE-generated rotor-bearing-sta- 
tor simulation scheme. The governing FE field equations are set out and the 
solution methodology ts presented. The choice of ADIN A as the general-purpose 
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FE code Is explained, and the numerical operational characteristics of the direct 
integration approach of FE*generated rotor-bearing-stator simulations Is dolor- 
mined, Including benchmarking, comparison of explicit vs. Implicit methodologies 
of direct Integration, and demonstration problems, C.O. 

ORjaiNAL PAGE IS 
OF POOR QUALITY 

A82-354ao * # Design and dsvsiopmtnt of s csrsmte tutbtns for 

the AGT101. D, G. Finger and S, K. Gupta (Garrett Turbine Engine Co., Phoenix, 

AZ). AIAA^ SAB, and ASMEfJofnt Propulsion Confermice, l$th, C(ev0land,OH, 

June 2U23, 1982, AIAA paper e2-1209, 9 p. Contra^;! No. DEN3-1 67, 

An acceptable and feasible ceramic turbine Viihee* design has been achieved, 
and the relevant temperature, stress, and success probability analyses are dis- 
cussed. The design Is described, the materials selection presented, and the 
engine cycle conditions analysis parameters shown. Measured MOB four-point 
strengths are Indicated for room and elevated temperatures, and engine condi- 
tions are analyzed for various cycle states, materials, power static, turbine inlet 
temperatures, and speeds. An advanced gas turbine ceramic turbine rotor ther- 
mal and stress model Is developed, and cumulative probability of survival is 
shown for first and third-year properties of SiC and Si3N4 rotors under different 
operating conditions, computed for both biade and hub regions. Temperature and 
stress distributions for steady-state and worst-case shutdown transients are de- 
picted. CD. 


A82-48243 * # On the automatic ganaratlon of FEM modela for com- 
plex gears - A work-in-progreae report R. J. Drago (Boeing Vertol Co., Phila- 
delphia, PA). American Gear Manufacturers A*^sociation, Meeting, San Diego, 
CA, Feb. 1FS2, Paper, 36 p. Contract No. NASSl-22143. 

A description is presented of the development and use of' a preprocessor to 
create a NASTBAN finite element model of a complex spur, helical, or spiral 
bevel gear quickly, inexpensively, and accurately. The preprocessor creates a 
ready to run NASTBAN Input deck including the executive, case control, and bulk 
data sections, it generates nodes and solid elements to model spur, helical, or 
spiral bevel gear teeth with Integral shafting. Either a complete gear shafting 
model or a symmetric model created, The fundamental building block of the 
gear mode! Is the base layer. The base layer is the mesh configuration of one 
layer of one toothiibgmem whlchisia turn duplicated, translated, and rotated to 
create the completed model of the gear. Once the base layer is created, the 
construction of the finite element model is straightforward. G.B. 


38 QUALITY ASSURANCE AND 
RELIABILITY 

Includes product sampling procedures and techniques; and 
quality control. 


N82-18612*/)t National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

METAL HONEYCOMB TO POBOU8 WIREFORM SUB- 
STRATE DIFFUSION BOND EVALUATION 
Ar Vary. P. E. Moorhead, and D. R. Hull 1982 12 p refs 

Presented at the Spring Conf. of the Am. Soc, for Nondestructive 
Testing. Boston, 22-25 Mar. 1982 

(NASA-^^^82793;£-9B9) Avail: NTIS HC A02/MF A01 CSCL 
14D 

Two noiidestructive techniques were used to evaluate diffusion 
bond quality between a metal foil honeycomb and porous wlreform 
substrate. */he two techniques, cryographjcs and acousto- 
uitrasonics. are complementary in revealing variations of bond 
integrity and quality In shroud segments from an experimental 
aircraft turbine engine. S.L. 


N82-19660*/)i National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

EXPERIENCE WITH MODIFIED AEROSPACE REUABIUTY 
AND QUALITY ASSURANCE METHOD FOR WIND TUR- 
BINES 

Wiillam E. Klein 1982 11 p refs Proposed for Presentation 
at 9th Ann. Engr. Conf. on Beliability, Hershoy, Penn,, 16-18 JMn. 
1982 Revised 

(Contract DE-AI01-76ET-20320) 

(NASA-TM-82803; DOE/NASA/20320-38; E-1142) Avail: 
NTIS HC A02/MF AOl CSCL 14D 

The SR&QA approach assures that the machine is not 
hazardous to the public or operating personnel, can operate 
unattended on a utility grid, demonstrates reliability or;eratioR, 
and helps establish the quality assurance and malncalnabillty 
requirements for future wind turbine projects. The approach 
consisted of modified failure modes and effects analysis (FMEA) 
during the design phase, minimal hardware Inspection during 
parts fabrication, and three simple documents to control activities 
during machine construction and operation. Five yaars experience 
shows that this low cost approach works wall enough that It 
should be considered by others for similar projects. T.M. 


(NASA-CR-3506) Avail: NTIS HC A03/MF AOt CSU 140 
The quintitativa understanding of ultrasonic nondastructiva 
•valuation parametara such as the stress wave factor were 
atudlad. Ultrasonic input/output charactaristics for an isotropic 
•iMtIc plate with transmitting and receiving longitudinal traniduc- 
•ra coupled to the same face ware analyzed. The asymptotic 
normal stress It calculated for an iiotroplc alaatlc half space 
aub^tad to a uniform harmonic normal stress applied to a 
circular region at the aurfaca. The radiated stress waves are 
traced within the plate by considering wave reflectiona at the 
top and bottom facae. The output voltage empr ;ide of the 
receiving transducer Is estimated by considering only longitudinal 
wevea. Agraemant Is four4 between the output voltage wave 
packet amplitudes and timas of arrital due to multiple reflections 
of the longitudinal waves. E.A.K. 


A82-14400 * A pod perturbation method for the dynamic 

coefficients of tilting-pad journal bearings. P, E. Allaire. J. K. Parse! I . 
and L, E, Barrett (Virginia. University, Charlottesville, VA). 
vol, 12, Oct, 1, 1981, p, 29-44, 14 refs. Contract No* EF-76-5- 
01-2479; Grant No. NsG-3105. 

A pod assembly method for analyzing tiitjng-pad bearings Is 
presented. The method results in the complete coefficient matrix for 
a tlltlng*pad bearing; the matrix Is independent of the pad Inertia, the 
pitch frequency and the nurnber of degrees of freedom of the pad. A 
pad assembly method is Mied because It allows the collection of more 
bearing data with less computer time than a brute force Iterative 
procedure. The results given show the complete dynamical matrices 
for a f|ye*pad tilting-pad bearing both including and Ignoring the 
damping effects of the unloaded ^top) pads. For a symmetrical 
tilting-pad bearing the reduced cr<';sVrcoupling coefficients are zero 
when the moment of inertia of the pad Is ignored. (Author) 


ORIGIMAL PAGE fS 
OF POOR QUALITY 


N82-20551*/^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

INTERRELATION OF MATERIAL M ICR08TRU CTU HE. 
ULTRASONIC FACTORS, AND FRACTURE TOUGHNESS OF 
TWO PHASE TITANIUM ALLOY 

Alex Vary and David R, Hull 1982 25 p refs Presented at 
the Spring Conf. of the Am. Soc, for Nondestructive Testing, 
Boston. 22-25 Mar. 1982 

(NASA-TM-82810: E-1151; NAS 1,15:82810) Avail: NTIS 
HC A02/MF AOl CSCL 14D 

The pivotal role of an alpha-beta phase microstructure In 
governing fracture toughness in a titanium alloy, TI-662, is 
demonstrated, The interrelation of microstructure a^/id fracture 
toughness is demonstrated using ultrasooT measurement 
techniques originally developed for nondestructive evaluation 
and material property characterization. It Is shown that the findings 
determined from ultrasonic measurements agree with conclusioris 
based on metallurgical, metatlographic, and fractographic 
observations concerning, the importance of alpha-beta morphology 
in controlling fracture toughness in two phase titanium alloys. 

Author 


NS2-18613'^)jl Massachusetts Inst, of Tech.. Cambridge, Dept, 
of Mechanical Engineering, 

ULTRASONIC INPUT-OUTPUT FOR TRANSMITTING AND 
RECEIVING LONGITUDINAL TRANSDUCERS COUPLED TO 
SAME FACE OF l8<^ROPIC ELASTIC PLATE Final 
Report 

James H. Williams. Jr„ Hire Karagulle, and Samson S, Lee 
Washington. D.C. NASA Feb. 1982 29 p refs 
(Grant NsG-3210) 
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39 STRUCTURAL MECHANICS 

Includes' ^itruciural Glement design and weight analysis; 
fatigue; and therma' stress. 

For applications see 05 Aircraft Design, Testing and 
Performance and fS Spacecraft Design, Testing and 
Performance. 


Na2-11491^| National Aeronautics and Space Administration. 
Lewis Research Center^ Cleveland. Ohio. 

INTEORATED ANALYSIS OF ENGINE 

Christos C. Chamis 1981 24 p refs Presented at tho Ann. 

Meeting of the ASME. Washington. D.C., 16-21 Nov. 1981 

|NASA-TM-82713;E-99B| Avail; NTIS HC A02/MF AOl CSCL 

20K 

The need for light, durable, fuel efficient, cost effective 
aircraft requires the development of engine structures wh!ch are 
flexible, made from advaced materials (including composites), 
resist higher temperatures, maintain tighter clearances and have 
lower mnintenance costs. The formal quantification of any or 
several of these requires integrated computer programs (multi- 
level and/or interdisciplinary analysis programs interconnected) 
for engine structural analysis/desjgn. Several integrated analysis 
computer prorams are under development at lewis Reseach 
Center. Those programs include: (1) COBSTRAN-Composite Blade 
Structural Analysis, (2) CO DSTR AN ^Composite Durability 
Structural Analysis. (3) CISTRAN-Composite Impact Structural 
Analysis. (4) STAEB L-StruTailoring of Engine Blades, and 
(5) ESMOSS- Engine Structures Modeling Software System. Three 
other related programs, developed under Lewis sponsorship, are 
described. Author 


NB2-18419*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

ELEVATED TEMPERATURE FATIGUE TESTING OF MET- 
ALS 

Marvin H. Hirschberg Doc. 1981 24 p refs 
(NASA-TM-82745; E-1058) Avail: NTIS HC A02/MF AOl 
CSCL 20K 

The major technology areas needod to perform a life 
prediction of an aircraft turbine engine hot section component 
are discussed and the steps required for life prediction are outlined. 
These Include the determination of the operating environment, 
the calculation of the thermal and mechanical loading of the 
component, the cyclic stress-strain and creep behavior of the 
materlail required for structural analysis, and the structural analysis 
to determine the local stress-strain-temperature-tlme response 
of the material at the critical location In the components. From 
a knowledge of tho fatigue, creep, and failure resistance of the 
material, a prediction of the life of the component is made. 
Material characteri^at^on and evaluation conducted for the purpose 
of calculating fatigue crack initiation lives of components operating 
at elevated temperatures are emphasized. J.D.H. 


N82-20566*/{|i National Aeronautics and Space Administration. 
Lewis ReSv9arch Center. Cleveland. Ohio. 

ELASTIC-PLASTIC FINITE-ELEMENT ANALYSES OF 
THERMALLY CYCLED SINGLE-EDGE WEDGE SPECIMENS 

Albert Kaufman Mar. 1982 27 p refs 

(NASA-TP-1982; E-687; NAS 1.60:1982) Avail: NTIS 

HC A03/MF AOl CSCL 20K 

Elastic-plastic stress-strain analyses were performed for 
single-edge wedge alloys subjected to thermal cycling in fluidized 
beds. Three cases (NASA TAZ-8A alloy under one cycling condition 
and 316 stainless steel alloy under two cyi4ing conditions) were 
analyzed by using the MARC nonlinear, finitvvelement computer 
program. Elastic solutions from MARC showei good agreement 
with previously reported solutions that used the NASTRAN and 
1S03DQ computer programs, The NASA TAZ-8A case exhibited 
no plastic strains, and the elastic and elastic-plastic analyses 
gave identical results. Elastic-miastjc analyses of the 316 stainless 
steel alloy showed plastic strain reversal with a shift of thn 
mean stresses in the compressive direction. The maximum 
equivalent total strain ranges for these cases were 13 to 
22 percent greater than that calculated from elastic analyses. 

Author 


NS2-20566*jji National Aeronautics and Space AdminlstraTipn. 
Lewis Research Center, Cleveland, Ohio 

ELASTIC-PLASTIC FINITE-ELEMENT ANALYSES OF 
THERMALLY CYCLED DOUBLE-EDGE WEDGE SPECI- 
MENS 

Albert Kaufman and Larry E Hunt Mar. 1982 31 p refs 
(NASA-TP-1973; E-626; NAS 1.60;1973) Avail; NTIS 
HC A03/MF AOl CSCL 20K 

Elastic-plastic stress-strain analyses were performed for 
double-edge wedge specimens subjected to thermal cycling In 
fluidized beds at 316 and 1088 C. Four cases involving different 
nickel-base alloys (IN 100. Mar M-200, NASA TAZ-8A, and 
Rene 80) were analyzed by using the MARC nonlinear, finite 
element computer program. Elastic solutions from MARC shov/ed 
good agreement with previously reported solutions obtained by 
using the NASTRAN and IS03DQ computer programs. Equivalent 
total strain ranges at the critical locations calculated by elastic 
analyses agreed within 3 percent with those calculated from 
elastic-plastic analyses. The elastic analyses always resulted In 
compressive mean stresses at the critical locations. However, 
elastic-plastic analyses showed tensile mean stresses for two of 
the four n‘Joys and an increase In the compressive mean stress 
for the hiQ^‘ 0 St plastic strain case. M G, 


NB2-21604^/^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

COUPLED BENDING-BENDiNQ-TORSfON FLUTTER OF A 
MIBTUNED CASCADE WITH NONUNIFORM BLADES 

Krishna Rao V. Kaza (Toledo Univ.) and Robert E. Kielb 1982 
20 p refs Presented at the 23rd Struct.. Structural Dyn.. and 
Mater. ConL, New Orleans. 10-12 May 1982 
(NASA-TM-82813; E-1156; NAS 1 15:82813) Avail; NTIS 
HC A02/MF AOl CSCL 20K 

A set of aoroolastic equations describing the motion of an 
arbitrarily mlstuned cascade with flexible, pretwisted. nonuniform 
blades is developed using an extended Hamilton's principle. The 
derivation of the equations has its basis in the geometric nonlinear 
theory of elasticity in which the elongations and shears are 
negligible compared to unity A general expression for foreshorten- 
ing of a blade is derived and is expllcity used in the forn'»ulation. 
The blade aerodynamic loading in the subsonic and supersonic 
flow regimes is obtained from two dimensional, unsteady, 
cascade theories. The aerodynamic, Inertial and structural coupling 
between the bending (In two planes) and torsional motions of 
the blade is included. The equations are used to investigate the 
aeroelastic stability and to quantify the effect of frequency 
mi.ftyning on flutter in turbofans. Results indicate that a moderate 
amount of Intentional mlstunlng has enough potential to alleviate 
flutter problems in unshrouded, high aspect ratio turbofans. S.L. 


N82-24601*j|i National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

NONLINEAR STRUCTURAL AND LIFE ANALYSES OF A 
COMBUSTOR LINER 

V. Moreno (Pratt and Whitnsy Airersft Group, East Hartford. 
Conn,), G. J. Meyers (Pratt and Whitney Aircraft Group, East 
Hartford, Conn.), A, Kaufman, and G, R, Halford 1982 23 p 
refs Proposed for presentation at the Symp. on Advances and 
Trends in Struct, and Solid Mech., 4-7 Oct, 1982, Washington. 
D C,; sponsored by NASA and Georgetown Urilv. 
(NASA-TM-82846: E-1216; NAS 1.15:82846) Avail: NTIS 
HC A02/MF AOl CSCL 20K 

Three dimensional, nonlinear finite element structural analyses 
were performed for a simulated combustor liner specimen to 
assess the capability of nonlinear analyses using classical inelastic 
material models to represent the thermoplastic creep response 
of the 'One half scale component. Results indicate continued cyclic 
hardefJing and ratcheting while experimental data suggested a 
stabkj stress strain response after only a few loading cycles. 
The computed stress strain history at the critical iocGtioh was 
put into two life prediction methods, strajnrange partitioning and 
a Pratt and Whitney combustor life prediction method to evaluate 
their ability to predict cyclic crack initiation, It Is^ found that the 
life prediction analyses over predicted the observed cyclic crack 
initiation, life. E,A.K, 
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Nt2«24S02^| National Aeronautics and Space Administration, 
lewis Research Center* Cleveland* Ohio. 

EVALUATION OF INELASTIC CONSTITUTIVE MODELS FOR 
NONUNEAR STRUCTURAL ANALYSIS 
Albert Kaufman 1982 22 p refs Presented at the Symp, on 
Nonlinear Constitutive Relations for High Temp. Appl, Akron, 
Ohio* 19-20 May 1982: sponsored by NASA and Akron Univ. 
(NASA-TM-82845; E-1215: NAS M6:82845) AvalU NTIS 
HC A02/MF A01 CSCL 20K 

The influence of Inelastic material models on computed 
stress-strain states, and therefore predicted lives, was studied 
for thermomechanically loaded structures. Nonlinear structural 
analyses were performed on a fatigue specimen which had been 
subjected to thermal cycling in fluidized beds and on a mechanic- 
ally load cycled benchmark notch specimen. Four incremental 
plasticity creep models (isotropic, kinematic, combined isotropic 
kinematic* combined plus transient creep) were exercised using 
the MARC program. Of the plasticity models, kinematic hardening 
gave results most consistent with experimental observations. Ufa 
predictions using the computed strain histories at the critical 
location with a strainrange partitioning approach considerably 
overpre dieted the crack initiation life of the thermal fatigue 
specimen. S.L. 


N82-26701^|jI National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio 

BIRD IMPACT ANALYSIS PACKAGE FOR TURBINE ENGINE 
FAN BLADES 

Murray S, Hirschbein 1982 20 p refs Presented at 23rd 
Struct. Dyn. and Mater. Conf., Now Orleans, 10-12 Previously 
announced in lAA as A82-30162 May 1982; Sponsored by 
AIAA, ASME, ASCE, end AHS 

(NASA-TM-82831: MAS 1.16;82831) Avail: NTIS 

HC A02/MF AOl CSCL 20K 
For abstract see A82-301 62 


NI2-31707*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio, 

LARGE DISPLACEMENTS AND STABILITY ANALYSIS OF 

NONLINEAR PROPELLER STRUCTURES 

Robert A. Aiello 1982 18 p refs Presented at the 10th NASTRAN 

User’s Coiloq., New Orleans, 13-14 May 1982 

(NASA-TM-02850; NAS 1.15:02850) Avail: NTIS 

HC A02/MF AOl CSCL 20K 

The use of linear rigid formats in COSMIC NASTRAN without 
DMAP procedures for the analysis of nonlinear propeller structures 
Is described. Approaches for updating geometry and applying 
follower forces for incremental loading are demonstrated. Compari- 
sons are made with COSMIC NASTRAN rtgid formats and other 
independent finite element programs. Spedfjcaily, the comparisons 
include results from the four approaches for updating the geometry 
using RIGID FORMAT 1, RIGID FORMATS 4 and 13. MARC and 
MSG/NASTRAN. It Is shown that 'user friendly’ updating ap- 
proaches (without DMAPS) can be used to predict the large 
displacements and instability of these nonlinear structures. These 
user friendly approaches can be easily implemented by the user 
and predict consen/ative results. Author 


N62-31708*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

TENSILE BUCKLING OF ADVANCED TURBOPROPS 
C. C. Chamis and R. A. Aiello 1982 25 p refs Presented at 
the 23rd Struct., Struct. Dyn, and Mater. Conf., New Orleans, 
10-12 May 1982; sponsored by AIAA, ASME, ASCE and AHS 
(NASA-TM-02096; E-1276; NAS 1.15:82*-^^) Avail: NTIS 
HCA02/MFA01 CSCL 20K 

Theoretical studies were conducted to determine analytically 
the tensile buckling of advanced propeller blades (turboprops) in 
centrifugal fields, as well as the effects of tensile buckling on 
other types of structural behavior, such as resonant frequencies 
and flutter. Theoretical studies were also conducted to establish 
the advantages of using high performance composite turboprops 
as compared to titanium. Results show that the vibration frequen- 
cies are not affected appreciably prior to 80 percent of the tensile 


speed. Some frequencies approach zero as the tensHe buckling 
speed Is approached. Ck>mpo^tes provide a sMbstantia)^ 
over titanium on a buckling speed to weight basis. Vibration modes 
change as the rotor speed is increased and substantial geometrlo 
coupling Is present. R.J.F. 


Na2-33744*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

NONLINEAR CONSTITUTIVE THEORY FOR TURBINE ENGINE 
STRUCTURAL ANALYSIS 

Robert L Thompson In NASA* Langley Research Center Res. 
In Struct, and Solid Mech., 1982 Oct. 1982 p 67-96 refs (For 
primary document see N82-33739 24-?^) 

Avail: NTIS HC A1 9/Mr AOl CSCL20K 

A number of viscoplastic constitutive theories and a conven- 
tional constitutive theory are evaluated and compared In their ability 
to predict nonlinear stress-strain behavior In gas turbine engine 
components at elevated temperatures. Specific application of these 
theories is directed towards the structural analysis of combustor 
liners undergoing transient, cyclic, thermomechanicat load histories. 
The combustor liner material considered In this study Is Hastelloy 
X. The material constants for each of the theories (as a function 
of temperature) are obtained from existing, published experimental 
data. The vlscoptastic theories and a conventional theory are 
Incorporated Into a general purpose, nonlinear, finite element 
computer program. Several numerical examples of combustor 
liner structural analysis using these theories are given to demon* 
atrate their capabilities. Based on the numerical stress-strain results, 
the theories are evaluated and compared. Author 


AB2-398S2 * impict retlsUnce of fiber compotitee. C. C. Chamis and 
j, H. Sinclair (NASA, Lewis Research Center, Cleveland. OH). In; Composite 
materials: Mechanics, mechanical properties and fabrication; Proceedings of the 
Japan-U.S. Conference, Tokyo, Japan, January 1 2-14, 1981* (A82-39051 19-39) 
Barking, Essex, England, Applied Science Publishers, 1982, p. 1-11. 

Stress-strain curves are obtained for a variety of glass fiber and carbon fiber 
reinforced plastics in dynamic tension, over the stress-strain range of 9.00087- 
2070/sec. The test method is of the one-bar block-to-bar type, using a rotating 
disk or a pendulum as the loading apparatus and yielding accurate stress-strain 
curves up to the breaking strain. In the case of gtas^l fiber reinforced plastic, the 
tensile strength, strain to peak impact stress, total strain and total absorbed 
energy all Increase significantly as the strain rate increases, By contrast, carbon 
fiber reinforced plastics show lower rates of increase with strain rata. It Is recom- 
mended that hybrid composites incorporating the high strength and rigidity of 
carbon fiber reinforced plastic with the high impact absorption of glass fiber 
reinforced plastics be developed for use In structures subjected to Impact load- 
ing, O.C. 


A82-40357 * Extended renge etrese Inteneity factor expreeatona for 
chevron-notched short bar end shert rod fracture toughneea epeclmens. 

J, L Shannon, Jr., R. T. Bubsey, W, S, Pierce (NASA, Lewis Research Center. 
Cleveland, OH), and D. Munz (Karlsruhe, UnWersitat, Karlsruhe, West Germany), 
International Journal of Fracture, vol. 19, July 1982, p. R55-R58, 


A82-40356 * Greek displacements for J/1/ teating with compact 
specimens. T. W. Orange (NASA, Lewis Research Center, Cleveland, OH)* 
International Journal of Fracturo, vol, 19, July 1982, p. R59-R61. 5 refs. 

The suggestion Is made that the standard compact specimen (with opening 
displacement measured at the crack mouth) may be entirely suitable for J- 
integral determinations if a very simple conversion factor Is used. Experimental 
determination of J-!ntegral values requires the measurement of displacements at 
the points of load application. For the compact specimen this Is a difficult task. 
On the basis of studies reported by Newman (1979) and Fisher and Buzzard 
(1980), it is suggested that for any J-based test the standard compact specimen 
can be used, A very good approximation to the load point displacement (within 
3.4 percent) can be obtained by measuring the crack mouth displacement and 
multiplying by 0,773. G,R, 


N82- 14631*1 Arizona Univ.* Tucson. Dapt. of Aerospace 
and Mechanical Engineering. 

THE AFPUCATION OF PROBABIUSTIC DESIGN THEORY 
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Piul H, Wirschlng Nov. 1981 224 p refs 
(Grent NAG3-41) 

{NASA-CR- 165488} Avail: NTIS HC A10/MF A01 CSCL 
20K 

Metal fatigue under stress and thermal cycling is a principal 
mode of failure in gas turbine engine hot section components 
such as turbine blades and disks and combustor liners. Designing 
for fatigue is subject to considerable uncertainty. e,g.. scatter In 
cycles to failure, available fatigue test data and operating 
environment data, uncertainties ir the models used to predict 
stresses, etc. Methods of analyzing fatigue test data for 
probabilistic design purposes are summarized. The general strain 
life as well as homo* and hetero-scedastic models are considered. 
Modern probabilistic design theory is reviewed and examples 
are presented which Illustrate application to reliability analysis 
of gas turbine engine components. A.R.H. 


N82-17521*! Battelle Columbus Ubs.. Ohio. 

STRESS EVALUATIONS UNDER ROLUNQ/SLiDtNQ 
CONTACTS Final Report 

J, W. Kennel and J. L. Tevaarwerk 30 Oct. 1981 54 p refs 
(Contract NAS3-22808) 

(NASA*CR*165561; G7782) Avail; NTIS HC A04/MF AOl 
CSCL 20K 

The state of stress beneath traction drive type of contacts 
were analyzed. Computing stressf>< stress reversals on various 
planes for points beneath the sumouq -tare examined. The effect 
of tangential and axial friction under gross slip conditions is 
evaluated with the models. Evaluations were performed on an 
RC (rolling contact) tester configuration and It is indicated *hat 
the classical fatiguu stresses are not altered by friction forces 
typical of lubricated contact. Higher values of friction can result 
in surface shear reversal that exceeds the stresses at the depth 
of maximum shear reversal under rolling contact. E.A.K. 


N82-19563*'| Virginia Polytechnic Inst, State Unlv.. 
Blacksburg. Dept, of Engineering Science and Mechanics. 

FINITE.ELEMENT MODELING OF LAYERED. ANISOTROPIC 
COMPOSITE PLATES AND SHELLS: A REVIEW OF RECENT 
RESEARCH 

J. N. Reddy In Shock and Vibration Information Center The 
Shock and Vibration Digest, Vo[, 13, No. 12 Dec. 1981 p 3-12 
refs (For primary document see N82*19562 10*39) 

(Grants NAG3-208; AF-AFOSR-OI 42-81) 

Avail: SViC, Code 5804, Naval Research Lab., Washington. 

D.C. 20375; SI 5.00/set CSCL 20/11 

Finite element papers published in the open literature on 
the static bending and free vibration of layered, anisotropic, and 
composite plates and r^;\ells are reviewed. A literature review of 
large-deflection bending and large-amplitude free oscillations of 
layered composite platei and shells is also presented. Non-finite 
element literature is cited for continuity of the discussion. J.D.H. 


N82-26564*# Case Western Reserve Univ., Cleveland. Ohio. 

FATIGUE LIFE PREDICTION IN BENDING FROM AXIAL 
FATIGUE INFORMATION 

S. S. Manson and U. Muraljdharan Feb. 1982 38 p refs 
(Grant NAG3-39) 

(NASA-CR-165563; NAS 1.26:165563) Avail: NTIS 

HC A03/MF AOl CSCL 20K 

Bending fatigue in the tow cyclic life range differs from 
axial fatigue due to the plastic flow which alters the linear 
stress-strain relation normally used to determine the nominal 
stresses. An approach is presented to take into account the 
plastic flow in calculating nominal bending stress (S sub 
bending) based on true surface stress, These functions are derived 
in closed form for rectangular and circular cross sections. The 
nominal bending stress and the axial fatigue stress are plotted 
as a function of life (N sub S) and these curves are shown for 
several materials of engineering interest, S.L. 


N82-24503*|^ Georgia Inst, of Tech., Atlanta. Center for the 
Advancement of Computational Mechanics. 

CREEP CRACK-GROWTH: A NEW PATH-INDEPENDENT 
T SUB O AND COMPUTATIONAL STUDIES 

R. B. Stonesifer and S. N. Atluri Pec. 1981 141 p refs 


(Grant NAG3-38) 


ORIGINAL PAGE IS 
OF POOR QUALITY 


(NASA-CR-1 68930; NAS 1.26:168930) Avail: NTIS 

HC A07/MF AOl CSCL 20K 

Two path independent integral parameters which show some 
degree of promise as fracture criteria are the C* and delta T 
sub c integrals. The mathematical aspects of these parameters 
are reviewed. This Is accomplished by deriving generalized vector 
forms of the parameters using conservation lows which are valid 
for arbitrary, three dimensional, cracked bodies with crack surface 
tractions (or applied displacements), body forces. Inertial effects 
and large deformation. Two principal conclusions are that delta 
T sub c is a valid crack tip parameter during nonsteady as well 
as steady state creep and that delta T suh c has an energy rate 
interpretation whereas C* does not. An efficient, small displace- 
ment. infinltestimal strain, displacement based finite element 
model is developed for general elastic/plastic material behavior. 
For the numerical studies, this model is specialized to two 
dimensional plane stress and plane strain and to power law 
creep constitutive relations. S.L 


N82-26702*/(f Cincinnati Univ.. Ohio. 

MICROSTRUCTURAL EFFECTS ON THE ROOM AND 
ELEVATED TEMPERATURE LOW CYCLE FATIGUE BEHAV- 
IOR OF WASPALOY M.S. Thasis Final Raport 

Bradley A. Lerch May 1982 194 p refs 
(Grant NsG-3263) 

(NASA CR-1 65497; NAS 1.26:165497) Avail: NTIS 

HC A09/MF AOl CSCL 20K 

Longitudinal specimens of Waspaloy containing either coarse 
grains with small gamma or fine grains with large gamma were 
tested in air at a frequency of 0.33 Hz or 0,50 Hz. The coarse 
grained structures exhibited planar slip on (III) planes and 
precipitate shearing at all temperatures. Cracks Initiated by a 
Stage 1 mechanism and propagated by a strlation forming 
mechanism. At 700 C and 800 C, cleavage and intergranular 
cracking were observed. Testing at 500 C, 700 C, and 800 C 
caused precipitation of grain boundary carbides. At 700 C, 
carbides precipitated on slip bands. The fine grained structures 
exhibited planar slip on (111) planes. Dislocations looped the 
large gamma precipitates, This structure led to stress saturation 
and propagation was observed. Increasing temperatures resulted 
in Increased specimen oxidation for both heat treatments. Slip 
band and grain boundary oxidation were observed. At 800 C, 
oxidized grain boundaries were cracked by Intersecting slip bands 
which resulted In intergranular failure. The fine specimens had 
crack Initiation later In the fatigue life, but with more rapid 
propagation crack propagation, A.R.H. 


N82-26706*/j( Cincinnati Univ., Ohio. Dept of Materials Science 
and Metallurgical Engineering. 

MECHANISMS OF DEFORMATION AND FRACTURE IN 
HIGH TEMPERATURE LOW CYCLE FATIGUE OF RENE 
80 AND IN 100 Final Report 

Glenn Roy Romanoski, Jr. Mar. 1982 227 p refs 
(Grant NsG-3263) 

(NASA-I;r* 165498: NAS 1.26:165498) Avail: NTIS 

HC A1Y/MF AOl CSCL 20K 

Specimens tested for the AGAR D strain range partitioning 
program were investigated. Rene 80 and IN 100 were tested in 
air and in vacuum: at 871 C, 925 C, and 1000 C: and in the 
coated and uncoated condition. The specimens exhibited a 
multiplicity of high-temperature low-cycle fatigue damage. 
Observations of the various forms of damage were consistent 
with material and tasting conditions and were generally In 
agreement with previous studies. In every case observations 
support a contention that failure occurs at a particular combina- 
tion of crack length and maximum stress, A failure criterion 
which Is applicable in the regime of testing studied is presented. 
The predictive capabilities of this criterion are straight forward. 

Author 


N82-26713*/Jf Illinois Univ, Urbana-Champaign. Dept, of 
Theoretical and Applied Mechanics. 

BOUNDARY LAYER THERMAL STRESSES IN ANGLE-PLY 
COMPOSITE LAMINATES, PART 1 Final Report 

S. S. Wang and I. Choi Feb. 1981 56 p refs 6 Vo). 

(Contract NsG-3044) 

(NASA-CR-165412; NAS 1.26:165412) Avail: NTIS 

HC A04/MF AOl CSCL 20K 

Thermal boundary-layer stresses (near free edges) and 
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displacements were determined by a an eigenfunction expansion 
technique and the establishment of an appropriate particular 
solution. Current solutions In the region away from the singular 
domain (free edf|d) are found to be excellent agreement with 
existing approximate numerical results. As the edge Is approached, 
the singular term controls the near field behavior of the boundary 
layer. Results are presented for cases of various angle«pty 
graphite/epoxy laminates with (thetaZ-theta/theta/theta) 
configurations. These results show high interlaminar ithrough-the> 
thickness) stresses. Thermal boundaiylayer thicknesses of different 
composite systems are determined by examining the strain energy 
density distribution In composites. It is shown that the boundary- 
layer thickness depends on the degree of anisotropy of each 
individual lamina, thermomechanical properties of each ply, and 
the relative thickness of adjacent layers. The interlaminar thermal 
stresses are compressive with increasing temperature. The 
corresponding residual stresses are tensile and may enhance 
Interply delaminatlons. A.R.H, 


N82>26714*|)i Illinois Univ., Urbana-Champaign. Dept, of 
Theoretical and Applied Mechanics. 

ANALYSIS OF CRACKS EMANATING FROM A CIRCULAR 
HOLE IN UNIDIRECTIONAL FIBER REINFORCED COM- 
POSITES, PART 2 Final Report 

S. S. Wang and J. F. Yau Feb. 1981 35 p refs 6 Vol. 

(Grant NsG-3044) 

(NASA-CR-1 65433; NAS 1.26:165433) Avail: NTIS 

HC A03/MF A01 CSCL 20K 

An analytical method Is developed for cracks emanating from 
a circular hole in an off-axis unidirectional fiber- reinforced 
composite. The method which is formulated by using conservation 
laws of elasticity and fundamental relationships in anisotropic 
fracture mechanics, provides a convenient and accurate means 
to examine the complicated crack behavior, when used in 
conjunction with a suitable numerical scheme such as the finite 
eiemeni method, The formulsiion is eventually reduced to a system 
of linear algebraic equations of mixed-mode stress intensity factors. 
Fracture parameters, describing crack-tip deformation and fracture 
in the composite, are obtained explicitly. Effects of material 
anisotropy and crack/hcle geometry are examined also. Of 
particular interest are the energy release rates associated with 
crack extension; their values are evalt^^ed for various cases. 
Results show that mixed- mode stress intensity factors and energy 
release rates associated with the cracks emanating from a hole 
change very appreciably with fiber orientation In the composite. 
K sub 1 and G increase monotonically with Increasing theta; 
but K sub 2 reaches its maximum at theta » 45 deg, and then 
decreases gradually as theta increases further. Author 


N82-26716*^ Illinois Univ.. Urbana-Champaign, Dept, of 
Theoretical and Applied Mechanics. 

INTERLAMINAR CRACK GROWTH IN FIBER REINFORCED 
COMPOSITES DURING FATIGUE. PART 3 Final Report 

S. S, Wang and H. T. Wang Feb. 1981 37 p refs 6 Vol. 

(Grant NsG-3044) 

(NASA-CR.1 65434; NAS 1/i6: 165434) Avail: NTIS 

HC A03/MF AOl CSCL 20K 

Interlaminar crack grotyth behavior in fiber- reinforced 
composites subjected to faitigue loading was investigated 
experimentally and theoretically. In the experimental phase, 
inter-laminar crack propagation rates and mechanisms were 
determined for the cases of various geometries, laminate 
parameters and cyclic stress levels. A singular hybrid-stress finite 
element method was used in conjuctlon with the experimental 
results to examine the local crack-tip behavior and to characterize 
the crack propagation during fatigue. Results elucidate the basic 
nature of the cyclic deiamination damage, and relate the 
interlaminar crack growth rate to the range of mixed -mode 
crack-tip stress intensity factors. The results show that crack 
growth rates are directly related to the range of the mixed-mode 
cyclic stress intensity factors by a power law relationship, Author 


N82-26716*/jf Illinois Univ.. Urbana-Champaign. Dept, of 
Theoretical and Applied Mechanics. 

ANALYSIS OF INTERFACE CRACKS IN ADHESIVELY 
BONDED LAP SHEAR JOINTS. PART 4 Final Report 

S, S, Wang and j. F. Yau Feb. 1981 39 p refs 6 Vol. 

(Grant NsG-3044) 

(NASA-CR-1 65438; NAS 1.26:165438) Avail: NTIS 


HC A03/MF AOl CSCL 20K 

Conservation laws of elasticity for nonhomogeneous materials 
were developed and were used to study the crack behavior in 
adhesively bonded lap shear joints. By using these laws and the 
fundamental relationships in fracture mechanics of Interface cracks, 
the problem Is reduced to a pair of linear atgebrajc equations, 
and stress intensity solutions can be determined directly by 
information e.Htracted from the far field. The numerical results 
obtained show that: (1) in the lap-shear joint with a given 
adherend. the opening-mode stress Intensity factor. (K sub 1) is 
always larger than that of the shearing-mode (K sub 2); (2) (K 
sub 1} Is not sensitive to adherent thickness abut (K sub 2) 
Increases rapidly with Increasing thickness; and (3) (K sub 1) 
and (K sub 2) increase simultaneously as the interfacial crack 
length increases, Author 


N82-26717*| Illinois Univ., Urbana-Champaign, Dept, of 
Theoretical and Applied Mechanics. 

EDGE DELAMINATION IN ANGLE-pLY COMPOSITE 
LAMINATES. PART 6 Final Report 

S. S. Wang Feb. 1981 50 p refs 6 VoL 
(Grant NsG-3044) 

(NASA-CR-1 65439; NAS 1,26; 165439) Avail: NTIS 

HC A03/MF AOl CSCL 20K 

A theoretical method was developed for describing the edge 
deiamination stress intensity characteristics in angle-pty composite 
laminates. The method is based on the theory cl anisotropic 
elasticity. The edge deiamination problem Is formulated using 
Lekhnitskii's complex-variable stress potentials and an especially 
developed eigenfunction expansion method. The method pre- 
dicts exact orders of the three-dimensional stress singularity in 
a deiamination crack tip region. With the aid of boundary 
collocation, the method predicts the complete stress and 
displacement fields in a finite-dimensjonaj. delaminated composite. 
Fracture mechanics parameters such as the mixed-mode stress 
intensity factors and associated energy release rates for edge 
deiamination can be calculated expHcity. Solutions are obtained 
for edge delaminated (theta/-theta theta/-theta) angte-ply 
composites under uniform axial extension. Effects of deiamination 
lengths, fiber orientations, iamination end geometric variables 
are studied. Author 


N82-26718*^ Illinois Univ., Urbana-Champaign, Dept, of 
Theoretical and Applied Mechanics. 

BOUNDARY-LAYER EFFECTS IN COMPOSITE LAMINATES; 
FREE-EDGE STRESS SINGULARITIES, PART 6 Final 
Report 

S, S. Wanag and I, Choi Apr. 1981 38 p refs 6 Vol. 

(Grant NsG-3044) 

{NASA-CR-165440; NAS 1.26:165440) Avail: NTIS 

HC A03/MF AOl CSCL 20K 

A rigorous mathematical model was obtained for the 
boundary-lay'ir free-edge stress singularity in angteplled and 
crosspHed f|br>r composite laminates. The solution was obtained 
using a mevnod consisting of complex-variable stress function 
potentials and eigenfunction expansions. The required order of 
the boundary-layer stress singularity is determined by solving 
the transcendental characteristic equation obtained from the 
homogeneous solution of the partial dlfferentj?,] equations. 
Numerical results obtained show that the boundajY-iayer stress 
singularity depends only upon material elastic constants and fiber 
orientation of the adjacent plies. For angleplied and crossplied 
laminates the order of the singularity is Weak in general. Author 


N82-29619*jJl Georgia Inst, of Tech., Atlanta, Center for the 
Advancement of Computational Mechanics. 

CREEP CRACK-GROWTH: A NEW PATH-INDEPENDENT 

INTEGRAL (T SUB c), AND COMPUTATIONAL STUDIES 
Ph.D, Thesis Final Report 

R, B. Stonesifer and S, N. Atluri Jul. 1982 112 p refs 
(Grant NAG3-38) 

(NASA-CR-1 67897; NAS 1,26:167897) Avail: NTIS 

HC A06/MF AOl CSCL 20K 

The development of valid creep fracture criteria Is considered, 
Two path-independent integral parameters which show some 
degree of promise are the C* and (Delta T)sub c integrals. The 
mathematical aspects ofthese parameters are reviewed by deriving 
generalized vector forms of the parameters using conservation 
laws which are valid for arbitrary, three dimensional, cracked 
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bodies with crack surface tractions (or applied displacements), 
body forces, tnertial effects, and targe deformations Two principal 
conclusions are that (Delta T)sub c has an energy rate interpreta- 
tion whereas C* does not The development and application of 
fracture criteria often involves the solution of boundary/initial 
value problems associated with deformation and stresses. The 
finite element method is used for this purpose An efficient, 
small displacement, infinitesimal strain, displacement based finite 
element model is specialized to two dimensional plane stress 
and plane strain and to power law creep constitutive relations. 
A mesh shifting/remeshing procedure Is used for simulating crack 
growth. The model is implemented with the quartz>point node 
technique and also with specially developed, conforming, 
crack-tip singularity elements which provide for the r to the 
[n-(l+n)) power strain singularity associated with the HRR 
crack-tip field. Comparisons are made with a variety of analytical 
solutions and alternate numerical solutions for a number of 
problems. j D, 


Nt2-33736*^ Dayton Unlv.^ Ohio. Dept, of Aerospace Mechan- 
ics. 

A PRELIMINARY STUDY OF CRACK INITIATION AND GROWTH 
AT STRESS CONCENTRATION SITES Interim Technical 
Report, 1 Jan. - 31 Aug. 1982 

D. S. Dawlcke, J. P. Gallagher, G. A. Hartman, and A. M. Rajendran 
Sep. 1982 30 p refs 
(Grant NAG3-246) 

(NASA-CR-1 69358; NAS 1.26:169358; UDR-TR-82-119; ITR-1) 
Avail: NTIS HC A03/MF A01 CSCL 20K 

Crack initiatfon and propagation models for notches are 
examined. The Dowling crack initiation model and the El Haddad 
et ai. crack propagation model were chosen for additional study. 
Existing data was used to make a preliminary evaluation of the 
crack propagation model. The results indicate that for the crack 
sizes in the test, the elastic parameter K gave good correlation 
for the crack growth rate data. Additional testing, directed 
specifically toward the problem of small cracks initiating and 
propagating from notches is necessary to make a full evaluation 
of these initiation and propagation models. S.U 


A82-11298 * Vibrations of cantilevered shallow cylindrical 

shells of rectangular planform. A. W. Leissa, J. K. Lee. and A. J. 
Wang (Ohio State University, Columbus. OH), Journal of Sound and 
Vibration, vol. 78. Oct. 8. 1981, p. 311-328. 25 refs. Grant No. 
NAG3-36. 

A cantilevered, shallow shell of circular cylindrical curvature and 
rectangular planform exhibits free vibration behavior which differs 
considerably from that of a cantilevered beam or of a flat plate. 
Some numerical results can be found for the problem in the 
previously published literature, mainly obtained by using various 
finite element methods. The present paper is the first definitive study 
of the problem, presenting accurate non-dimensional frequency 
parameters for wide ranges of aspect ratio, shallowness ratio and 
thickness ratio. The analysis Is based upon shallow shell theory. 
Numerical results are obtained by using the Ritz method, with 
algebraic polynomial trial functions for the displacements. Conver- 
gence is investigated, with attention being given both to the number 
of terms taken for each co-ordinate direction and for each of the 
three components of displacement. Accuracy of the results is also 
established by comparison with finite element results for shallow 
shells and with other accurate flat plate solutions. (Author) 


A82-19341 * a Vibrations of twisted rotating blades. A. W. 
Leissa. J. K. Lee (Ohio State University, Columbus, OH), and A. J. 
Wang. American Society of fjechanicai Engineers, Design Engi- 
neering Technical Conference, Hartford, CT, Sept 20-23, 1981, 
Paper 81-DET-127, 8 p. 22 refs. Members, $2.00; nonmembers, 
$4.00. Grant No. NAG3-36, 

The literature dealing with vibrations of turbomachinery blades 
is voluminous, but the vast majority of it treats the blades as beams. 
In a previous paper a two-dimensional analytical procedure was 
developed and demonstrated on simple models of blades having 
camber. The procedure utilizes shallow shell theory along with the 
classical Ritz method for solving the vibration problem. Displace- 


ment functions are taken as algebraic polynomials. In the present 
paper the method is demonstrated on blade models having camber* 
Comparisons are first made with results in the literature for 
nonrotatfng twisted plates and various disagreements between results 
are pointed out. A method for depicting mode shape Information is 
^monstrated, pemnitting one to examine all throe components of 
displacement. Finally^ the analytical procedure Is demonstrated on 
rotating twisted blade modes, both without and With camber. 

(Author) 


A82-32303 * Path4ndependent integrals in finite elasticity 

and inelasticity, with body forces, inertia, and arbitrary crack-face 
conditions. S. N. Atiuri (Georgia Institute of Technology, Atlanta, 
GA), Engineering Fracture Mechanics, vol. 16. no* 3, 1982, p. 
341-364. 17 refs. Contract No. N00014-78-C-0636; Grants No. 
AF-AFOSR-81-0057; No. NAG3-38. 

(Previously announced in STA.R as N8 1-32547) 


A82-35408 * # Comparison of beam and shell theories for the vibra- 
tions of thin turbomachlnery blades. A. W. Leissa (Ohio State University, 
Columbus. OH) and M. S. Ewing (U S. Air Force Academy. Coiorado Springs. 
CO), American Society of Mechanical Engineers, International Gas Turbine 
Conference and Exhibit, 27th, London, England, Apr, 18-22, 1982, Paper 82-GT- 
223, 12 p. 36 refs, Members, $2,00; nonmembers, $4,00, Grant No. NAG3-36. 

Vibration analysis of turbomachinery blades has traditionally been carried out 
by means of beam theory, (n recent years two-dimensional methods of blade 
vibration analysis have been developed, most of which utilize finite elements and 
♦end to require considerable computation time. More recently a two-dimensional 
method of blade analysis has evolved which does not require finite elements and 
Is based upon shell equations. The present investigation has the primary objective 
to demonstrate the accuracy and limitations of blade vibration analyses which 
utilize one-dimensional, beam theories. It Is found that beam theory is generally 
inadequate to determine the free vibration frequencies and mode shapes of 
moderate to low aspect ratio turbomachinery blades. The shallow shell theory, 
by contrast, is capable of representing all the vibration modes accurately. How- 
ever, the one-dimenslonat beam theory has an important advantage over the 
two-dimensional shell theory for blades and vibration modes. It uses fewer de- 
grees of freedom, thus requiring less computer time. G.R. 


A82-36782 * On 8 study of the /Delta T/c and C/asterlsk/ integrals 
for fracture analysis under non-ateady creep. R. B. Stonesifer and S, N. Atiurl 
(Georgia Institute of Technology, Atlanta, GA). Engineering Fracture Mechanics, 
vol. 16, no. 5. 1 982, p. 625-643. 1 4 refs. Grants No. NAG3-38; No. AF-AFOSR-81 - 
0057. 

Applications of a vector quantity, path-independent Integral which has an en- 
ergy Interpretation to the characterization of crack-tip fields in the range from fast 
to slow crack propagation are examined. The crack tip characterization parame- 
ter Is defined In terms of a conservation integral for an area around the crACk tip 
In a two-dimensional cracked body. The actual physical Interpretation of the 
parameter is shown to be the difference in crack lengths displayed by two Identi- 
cal bodies which have equal load histories. A steady-state value is obtained for 
the parameter for cases of steady-state creep and Is shown to be related to the 
standard path-independent integral for macroscopic solf-similar crack growth 
under mode I conditions. A finite element model Is developed for viscoplastic 
material models, using an Initial strain approach with steps In a size employed In 
tangent stiffness methods. M.S.K. 


A82-39514 * On tho solution of creep induced buckling In general 
structure. J. Radovan and S. Tovlchakchaikul (Akron, University, Akron, OH). 
Computers and Structures, \/o\. 15, no. 4, 1982, p. 379-392. 17 refs. Grant No. 
NAG3-54. 

This paper considers the pre and post buckling behavior of general structures 
exposed to high temperature fields for long durations wherein creep effects 
become significant. The solution to this problem Is made possible through the use 
of closed upper bounding constraint surfaces which enable the development of 
a new time stepping algorithm. This permits the stable and efficient solution of 
structural problems which exhibit indefinite tangent properties. Due to the manner 
of constraining/bounding successive Uorates, the algorithm developed herein is 
largely self adaptive, Inherently stable, sufficiently flexible to handle geometric 
material and boundary Induced nonlinearity , a id can be incorporated into either 
finite element or difference simulations. To illuiitrate the capability of the proce- 
dure, as well as, the physics of creep induced pre and post buckling behavior, 
the results of several numerical experiments are Included. (Author) 
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AS2-40066 * Moving tingularlty crotp crack growth analytlt with th« 
/Dalta T/c and C/aatariak/ intagrala, R. B* Stonesifer and S. N. Atlurj (Goorgia 
Institute of Tochnology, Atlanta, GA). Enginoering Fractur 0 Mechanics, vol. 16, 
no. 6, 1982, p. 769*782. 11 refs. Grant No. NAG3-38. 

The physical meaning of tDelta T)c and Its applicability to creep crack growth 
are reviewed. Numerical evaluation of (Delta T)c and C(asteri8k) is discussed 
with results being given for compact spedrnen and strip geometries, A moving 
crack*tlp singutarity, creep crack growth simulation procedure Is described and 
demonstrated. The results of several crack growth simulation analyses Indicate 
that creep crack growth In 304 stainless steel occurs under essentially steady* 
state conditions. Based on this result, a simple methodology for predicting creep 
crack growth behavior Is summarized. (Author) 


A62*42663 * # On ultrasonic factors and fracture toughness. U S. Fu 

(Ohio State University, Columbus, OH). In: Symposiumon Nondestructive Evalu- 
ation, 13th, San Antonio, TX, April 21-23, 1981, Proceeding?* (A82-42851 21*38) 
San Antonio, IX, Southwest Research Institute, 1982, p. 149-160. 17 refs. Grant 
No. NsG-3269. 

Recent experimental and theoretical studies on ultrasonics have shown that the 
scattering of elastic waves by material defects yields data which characterize 
crack properties, such as size and orientation, and also the mechanical properties 
of the given material In the present study, eja?.todynamic fields due to the pres- 
ence of a pair pf inhompgeneities in a matenal of plate geometry are investigated 
by the method of equivalent Inclusions. The stress amplitude change of the plates 
during the passage of plane time-harmonic waves is found, and the relation 
between fracture toughness and ultrasonic factors is determined. The approach 
used does not assume the existence of a sharp crack in the material O.C. 
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A82-4S869 * On finite deformation elritcvp|aatlc|ty. S. Nemat-Nasser 
(Northwestern University, Evanston, IL). fnternationat Journal of Solids and 
Structures, vol. 18, no. 10, 1982, p. 857-872. 59 refs. Grant No, NAG3-134, 
Lee (1969) has proposed a theory based on the decomposition of the total 
deformation gradient to an elastic and plastic part, and from It has concluded that 
the additive decomposition of the strain rates holds only approvimately. Lubarda 
and Lee (1981) have declared that Lee’s 'exact finite-deformation kinematics 
shows the almost universal assumption that the total velocity strain or rate of 
deformation is the sum of elastic and plastic rates to be in error'. Hence questions 
are raised regarding the validity of essentially all finite deformation elasto-plas- 
ticlty theories. The present Investigation is concerned with these questions. It is 
shown that the additive decomposition of the strain rates follows from all common 
finite elasto-plasticity concepts. Lea's theory is examined, and itis shown that this 
theory also leads to an additive strain rate decomposition, and therefore, his 
conclusion stems from misinterpretation. It is found that the elastic and the plastic 
strain rates considered by Lee do not correspond to the same configuration. They 
are, therefore, not compatible measures. G.R, 


A82-46109 * Interface cracks In adhesively bounded lap-shear 
joints. S. S. Wang and J. F. Yau (Illinois, University, Urbana, IL), International 
Journal of Fracture, vol. 19, Aug. 1982, p. 295-309, 29 refs. Grant No. NsG-3044. 

A study on the elastic behavior of interface cracks in adhesively bonded lap- 
shear joints is presented. The problem Is Investigated by using a recently devel- 
oped* method of analysis based on conservation laws In elasticity for 
nonhomogeneous solids and fundamental relationships in fracture mechanics of 
dissimilar materials, The formulation leads to a pair of linear algebraic equations 
In mixed-mode stress Intensity factors. Singular crack-tip stress Intensity solu- 
tions are determined directly by Information extracted from the far field. Stress 
intensity factors and associated energy release rates are obtained for various 
cases of Interest, Fundamental nature of the Interfaclal flaw behavior in jap-shear 
adhesive joints is examined In detail (Author) 


A82-46806 * # Boundary-layer effects in composite laminates. I - Free- 
edge stress singularities. II - Free-edge stress solutions and basic charac- 
teristics. S, S. Wang and I. Choi (Illinois, University, Urbana, IL). ASMS, 
Transactions, Journal of Applied Mechanics, vol, 49, Sept, 1982, p, 541-560, 44 
refs. Grant No. NsG-3044. 

The fundamental nature of the boundary-layer effect In fiber-reinforced com- 
posite laminates Is formulated in terms of the theory of anisotropic elasticity, The 
basic structure of the boundary-layer field solution is obtained by using Lekhnit- 
skii’s stress potentials (1 963), The boundary-layer stress field is found to be 
singular at composite laminate edges, and the exact order or strength of the 
boundary layer stress singularity Is determined using an eigenfunction expansion 
method. A complete solution to the boundary-layer problem is then derived, and 
the convergence and accuracy of the solution are analyzed, comparing results 
with existing approximate numerical solutions, The solution method is demon- 
strated for a symmetric graphite-epoxy composite. V,L. 
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43 EARTH RESOURCES 

Includes remote sensing of earth resources by aircraft and 
spacecraft; photogrammetry; and aerial photography. 

For instrumentation see ^5 Instrumentation and Photogra* 
Phy^ 


Na2*145S2*# Nationct Aeronautics and Space Administration. 
Uwia Rasaarch Center, aeveland. Ohio. 

RfUAILE AERIAL THERMOQRAfHY FOR ENCRQY 
CONtERVATtON Final Raport 

John R. Jack and Robert U Bowman Aug. 1081 3S p refs 
Original contains color illustrations 
(Contract DE-AI0U79CS.20270) 

(RASA*TM-81766; DOE/NASA/20270-1: E-0281 Avail; NTIS 
HC A03/MF A01 CSCL 088 

A method for energy conservation, the aerial thermography 
survey, is discussed. It locates sources of energy losses and 
wasteful energy management practices. An operational map Is 
presevned for clear sky conditions. The map outlines the key 
environmental conditions conductive to obtaining reliable aerial 
theriTKrgraphy* Tbe map Is developed from defined visual and 
heat loss discrimination criteria which are quantized based on 
flat roof heat transfer calculations. E.A.K. 


N82-18684*/{^ National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

GROUND-TRUTH OBSERVATIONS OF ICE^COVERED 
NORTH SLOPE LAKES IMAGED BY RADAR 

W. F Weeks Oct. 1981 24 p refs Prepared in eooporation 

with CRREL, Hanover, N.H 

(NASA‘TM-84127i AD-A108342; CRREL-Sl-lS) Avail; NTIS 
HC A02/MF A01 CSCL 08/8 

Field observations support the interpretation that differences 
in the strength of radar returns from the ice covers of lakes on 
the North Slope of Alaska can be used to determine where the 
lake is frozen completely to the bottom. An kie/frozen soil 
interface Is indicated by a weak return and an ice/water interface 
by a strong return. The immediate value of this result Is that 
SLAR (side-looking airborne radar) imagery can now be used to 
prepare maps of large areas of the North Slope showing where 
the lakes are shallower or deeper than 1.7m (the approximate 
draft of the take ice at the time of the SLAR flights). The bathymetry 
of these shallow lakes Is largely unknown and is not obvious 
from their sizes or outlines. Such information could be very useful, 
for example In finding suitable year-round water supplies. 

Author (GRA) 


N82-24625*| National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

LANDSAT REMOTE SENSING: OBSERVATIONS OF AN 

APPALACHIAN MOUNTAINTOP SURFACE COAL MINING 
AND RECLAMATION OPERATION 

Oct. 1979 7 p ref Original contains color imagery. Original 
photography may bo purchased from the EROS Data Center, 
Sioux Falls, S.D. 57198 Original contains color Illustrations 
ERTS 

(E82-10247; NASA-TM-64194; NAS 1.15;84194) Avail: 
NTIS HC A02/MF A01 CSCL 081 

The potential benefits of using LANDSAT remote sensing 
data by state agendas as an aide in monitoring surface coal 
mining operations mq reviewed. A mountatmop surface mine in 
eastern Kentucky was sur^^eyed over a 5 year period using satellite 
multispectral scanner data that wore ctassifiod by computer 
analyses, The analyses were guided by aerial photography and 
by ground surveys of the surface mines procured in 1976. The 
application of the LANDSAT data indicates that; (1) computer 
classification of the various landcover categories provides 
information for monitoring the progress of surface mining and 
reclamation operations; (2) succsssiv^ yearly changes In barren 
and revegetated areas can be qualitatively assessed for surface 
mines of 100 acres or more of disrupted area; (3) barren areas 
consisting of limestone and shale mixtures may be recognized, 
and revegetated areas in various stages of growth may be identified 
against the hilly forest background. E.A.K. 


NB2-134B0*# Engelhard Industries, Inc , Edison, N.J 

DfVtLOP AND Tt.tr FOCL CEU. POWEAEO <JN-iltE 
INTEQRATED TOTAL ENEAOY SYSTEM. PI^^ASE 3: 
FUU.SCALE POWER PLANT DEVELOPMENT O^ftarly 

RmomL Fak. • Apr. 

A. Kaufmen 24 Jun,‘1981 50 p 
(Contract OEN3<241) 

(NASA-CR^165328; DOE/ NASA/024 M; QR*1) Avail; NTIS 
MC A03/MF A01 CSCL 108 

Ah integrated 5 kW power system based upon methanol 
fuel and a phosphoric acid fuel cell operating at about 473 K It 
described. Oescription includes test results of advanced fuel cell 
catalysts, a semiautomatic acid replenishment system and a 
completed 5 kW methanol/system reformer. The results of a 
preliminary system test on e reformer/stjck/lnverter combination 
ere reported An Initial design for a 25 kW stack Is presented. 
Experimental plans are outlined for data acquisition necesaary 
for design of • 50 kW methanol/steam reformer. Activities related 
to complete mathe metical modelling of the integrated power 
system, including wasteheet utilization, are described. £.A,K. 
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44 ENERGY PRODUCTION AND 
CONVERSION 

Includes specific energy conversion systems, e.g.» fuel 
cells and batteries; global sources of energy; fossil fuels; 
geophysical converslo t; hydroelectric power; and wind 
power. 

For related Information see also OT Aircraft Propulsion 
and Power, SO Spacecraft Propulsion and Power, 28 
propellants and Fuels, and 85 Urban Technology and 
Transportation, 


N82-10603*f National Aeronautics and Space Administration. 
Lewis Hosoarch Center, Cleveland, Ohio. 

EFFECT OF POSITIVE PULSE CHARGE WAVEFORMS ON 
THE ENERGY EFFICIENCY OF LEAD*ACID TRACTION 
CELLS Final Report 

John J. Smithflck Sep. 1981 11 p refs 
(Contract D E-AI0 1 -77CS-6 1 044) 

(NASA*TM*82709r E-99H DOE/NASA/51044-22) Avail: 
NTJS HC A02/MF AOr CSCL 10A 

The effects of four different charge methods on the energy 
conversion efficiency of 300 ampere hour lead acid traction cells 
were investigated. Three of the methods were positive pulse 
charge waveforms; the fourth, a constant current method, was 
used as a baseline of comparison. The positive pulse charge 
waveforms were: 120 Hz full wave rectified sinusoidal; 120 Hr 
silicon controlled rectified: and 1 kHz square wave. The constant 
current chargor was set at the time average pulse current of 
each pulse waveform, which was 160 amps. The energy efficiency 
does not include charger losses. The lead acid traction cells 
were charged to 70 percent of rated ampere hour capacity in 
each case. The results* of charging the cells, using the three 
different pulse charge waveforms indicate tV^re was no significant 
difference in energy conversion efficiency when compared to 
constant current charging at the time average pulse current 
value. Author 


National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio, 

SOLAR CELL DEVELOPMENT FOR THE POWER EXTENSION 
PACKAGE 

Cosmo R. Baraona and James L Cion! (NASA, Johnson Space 
Canter) 1981 8 p refs Presented at the 16th Intersoc, 

Energy Conversion Conf,. Atlanta, 9«14 Aug. 1981 
(NASA-TM-82686; E-922) Avail: NTIS HC A02/MF A01 CSCL 
lOA 

The PEP is a 32 kilo^iV^itt flexible substrate, retrievable, solar 
ar'.^y system for use on the Space Shuttle. Solar cell costs wiil 
bb reduced by Increasing cell area and simplifying cell and 
coverglass fabrication proce:tses and specifications. The cost goal 
is to produce cells below $30 per watt, Two and ten ohm*cm 
silicon celis were investigated. In phase I of the cell development 
program a few thousand candidate cells will be produced and 
evaluated for utility and quality. In phase II a large number of 
cells will be fabricated to verify production readiness and cell 
yields and costs. This schedule is compatible with PEP Initial 
operational capability in 1984, Approximately 140.000 large area 
(5.9 X 5.9 cm) cells will be required for two PEP solar arrays. 
The status of the cell devetopment and testing, including a radiation 
damage test and side-by-side comparison of candidate celt types 
with pre* and post-irradiation airplane calibration of outer space 
short-circuit current, is reported. T.M. 


N82-12663*jf National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

ANALYTIC INVESTIGATION OF .EFFICIENCY AND PERFOR- 
MANCE LIMITS IN KLYSTRON AMPLIFIERS USING 
MULTIDIMENSIONAL COMPUTER PROGRAMS; MULTI- 
STAGE DEPRESSED COLLECTORS; AND THERMIONIC 
CATHODE LIFE STUDIES 

H, G, Kosmahl In NASA. Johnson Space Center Workshop 
on Microwave Power Transmission and Reception 1980 p 
139^146 refs (For primary document see N82-12538 03-44) 
Avail: NTIS HC A99/MF A01 CSCL 10A 

Due to complexity of the program which used a hydrodynamic, 
axially and radially deformable disk-ring model and the resulting 


long computing time only the output gap was investigated. Results 
from independent studios were used to fnltiete the star ting 
condition^ for the electrons end the RF voltage using ouw* program^ 
Although this method of computation Is less exact than processing 
the entire klystron interaction in 3-Oimensions it Is shown ^hat, 
for a confined flow focused throughout the penultimate cavity, 
radial velocities remain Very smalt and the beam Is highly laminar. 
It is concluded that possible errors resulting from treating only 
the output cavity in 3*0 would xemain small, TM- 


N82-t2674*/jf National Aeronautics ond Administration. 
Lawis Research Center, Oevelwnd, Ohio, 

PERFORMANCE OF ADVANCED CHROMIUM ELEC- 
TRODES FOR THE NASA REDOX ENERGY STORAGE 
SYSTEM FlfMl Report 

Randall F, Gahn, JoAnn Charleston, Jerri S. ling, and Margaret 
A. Reid Nov, 1981 23 p refs 
(Contract DE-AI04-80AL- 12726) 

(NASA-TM-82724; E-1025; DOE/NASA/ 1 2726-1 5) Avatl: 
NTIS HC A02/MF A01 CSCL IOC 

Chromium electrodes were prepared for the NASA Redox 
Storage System with meet the performance requirements for 
solar-photovoltaic, wind-turbine and electric utility applications. 
Gold -lead catalyzed carbon feit electfodes up tp 930 sq cm 
were fabricated and tested in single cells and multicell stacks 
for hydrogen evolution, coulombic efficiency, catalyst sicbllity 
and electrochemical activity. Factors which affect the overall 
performance of a particular electrode Include the carbon felt lot, 
the cleaning treatment and the gold catalyzation method. Effects 
of the chromium solution chemistry and impurities on charge/ 
discharge performance are also presented. Author 


NS2-13504*i^ National Aeronautics and Space Admlnmtfiilori. 
Lewis R';search Center, Oeveland, Ohio. 

CATALYTIC COMBUSTION OF BCtlOUAL FUELS 

Daniel L Bulian anti Robert R. Tacina 1981 20 p refs 

Presented at 6th Workshop on Catalytic Combustion, Son Antonio. 
Tex., 16-16 Sep. 1981 

, A irtT . T-f CT_m*SKn^ 


(NASA-TM-82731: E-1040) Avail: NTIS HC A02/MF A01 
CSCL 21 B 


A noble metal catalytic reactor was tested using two grades 
of petroleum derived residual fuels at specified inlet air tempera- 
tures, pressures, and reference velocities. Combustion efficiencies 
greater than 99,5 percent were obtained, Steady state operation 
of the catalytic reactor required inlet air temperatures of at least 
600 K. At lower inlet air temperatures, upstream burning in the 
premixing zone occurred which was probably caused by fuel 
deposition and accumuluiion on the premixing zone walls, 
increasing the inlet air temperature prevented this occurrence. 
Both residual fuels contained about 0.5 percent nitrogen by weight. 
NO sub X emissions ranged from SO to 110 ppm by volume at 
15 percent excess 02. Conversion of fuel-bound nitrogen to 
sub X ranged from 26 to 50 percent. M.D.Kv 


NS2-1360S*/j( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

GAS-TURBINE CRITICAL RESEARCH A^O ADVANCED 
TECHNOLOGY SUPPORT PROJECT Annuel Report 

John S. Clark, Philip E. Hodge, Carl E. Lowell, David N. Anderson, 
and Donald F, Schultz Mar, 1981 50 p refs 
(Contract DE-AI01-77ET-10360) 

(NASA-TM-81708; DOE/ NASA/2593-24; E-737) Avail: NTIS 
HC A03/MF A01 CSCL 1 0B 

A technology data base for utility gas turbine systems capable 
of burning coal derived fuels was developed. The following areas 
are Investigated: combustion: materieis; and system studies. A 
two stage test rig is designed to study the conversion of fuel 
bound nitrogen to NOx, The feasibility of using heavy fuels In 
catalytic combustors is evalu<i(ed. A statistically designed series 
of hot corrosion burner rig tf^sts was conducted to measure the 
corrosion rates of typical gis turbine alloys with several fuel 
contaminants, Fuel additives and several advanced thermal barrier 
coatings are tested. Thermal barrier coatings used In conjunction 
with low critical alloys and those used in a combined cycle 
system In which the stack temperature was maintained above 
the acid corrosion temperature are also studied, E.A.K, 
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N82-14f33*| Nutionii) Aeroneutics and Space Administration. 

Lewis Basaarch Center, Cieveiand, Ohio 

ALUMINUM BLADE DEVELOPMENT FOB THE MOD OA 

200*K«L0WATT WIND TUBBINE Fine! Report 

Bradford S. UnscotL Richard K> Shiltens, and A G. Eggers 

(Westlnghouse Electric Corp., Pittsburg) Dec. 1981 43 p refs 

(Contract DE-AB29*76Et*20370) 

{NASA*TM*82594; DOE/NASA-20370/20) Avail. NTIS 
HC A03/MF A01 CSCL 10A 

The rotor blade conflouratiom fabrication methods, •nalyses. 
operating experience, design modifications, and cost are described. 
Each 60*ft •(18.3*m0 long aluminum blade used current aircraft 
fixed wing and rotary wing design and fabrication technologies. 
Structural damage, repairs, and modifications that occurred during 
6500 hours of operation are summarized. TM- 


Ni2-10477*j)l National Aeronautics and Space Administration. 
Lewis Research Center. Clevstand. Ohio. 

NEW FEATURES AND APPLICATIONB OF PREBTO. A 
COMPUTER CODE FOR THE PERFORMANCE OF RCQEN« 
ERATIVE. BUPERHEATED STEAM TURBINE CYCLES 

Yung Kr Choo and Petar J. Staiger Jan. 1982 39 p refs 
(NASA*TP-1954.‘ E-721) Avail: NTIS HC A03/MF A01 CSCL 
108 

The code was designed to analyze performance at valves*wide* 
open design flow. The code can model conventional steam cycles 
as well as cycles that include such special features as process 
steam extraction and induction and feedwater heating by external 
heat sources. Convenience features and extensions to the special 
features were incorporated into the PRESTO code. The features 
are described, and detailed examples illustrating the use of both 
the originai and the special features are given. T.M. 


N82- 16478*1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

VARIABLE GAIN FOR A WIND TURBINE PITCH CONTROL 
Final Report 

Robert C. Seidel and Arthur G. Birchenough Dec. 1981 14 p 
refs 

(Contract DE.AI01-76ET-20320) 

(NASA-TM.82751; DOE/NASA/20320-34; E-1067) Avail: 
NTIS HC A02/MF A01 CSCL IDA 

The gain variation Is made in the software logic of the 
pitch angle controller. The gain level is changed depending upon 
the level of power error. The control uses low gain for low 
pitch activity the majority of the time. If the power exceeds ten 
percent offset above rated, the gain is increased to a higher 
gain to more effectively limit power. A variable gain control 
functionad weil in tests on the Mod-0 wind turbine. T.M. 


NS2-164B1*|(( National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

SUMMARY AND EVALUATION OF THE CONCEPTUAL 
DESIGN STUDY OF A POTENTIAL EARLY COMMERCIAL 
MHO POWER PLANT (C8PEC) Final Report 

p. J, Staiger and P. F. Penko Jan. 1982 22 p refs 
(Contract DE-A101-77ET-10769) 

(NASA-TM-82734: DOE/NASA/ 10769*21; E-1046) Avail; 
NTIS HC A02/MF AOl CSCL 10B 

The conceptual design study of a potential early commercial 
MHD power plant (CSPEC) is described and the resuits are 
summarized. Each of two contractors did a conceptual design 
of an approximately 1000 MWe open-cycle MHD/steam plant 
with oxygen enriched combustion air preheated to an intermediate 
temperature in a metallic heat exchanger. The contractors were 
close in their overall plant efficiency estimates but differed in 
their capital costand cost of eiectncity estimates, primarily because 
of differences in balance-of-pfant material, contingency, and 
operating and maintenance cost estimates. One contractor 
concluded that its MHD plant design compared favorably in cost 
of electricity with conventional coal-fired steam plants. The other 
contractor is making such a comparison as part of a follow-on 
study. Each contractor did a preliminary investigation of part- 
load performance and plant av^.lability. The results of NASA 
studies investigating the effect of plant size and oxidizer preheat 
temperature on the performance of CSP EC-type MHD plants 
are also described. The efficiency of a 1000 MWe plant is about 
three points higher than of a 200 MWe plant. Prehaating to 


1600 F gives an efficiancy about one and ona-half points higher 
than preheating to 800 F for ait plant sizes. For sich plant alze 
and preheat tamparature there Is sn oxidizer enrichment level 
end MHD generetor length that givet the highest pisnt effi* 
clency. B.W* 


NS2* 18495*1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio^ 

THE NASA LEWIS LARGE WIND TURDINE PROGRAM 
R. L. Thomas and D. H. Baldwin 1981 24 p refs Presented 
at the 6th Biennial Wind Energy Conf. and Workshop. Washington. 
D.C. 5.7 Oct. 1981 
(Contract DE-AI01-79ET*20305) 

(NASA-TM-82761; DOE/NASA/20305-7; E-1082) Avail: 
NTIS HC AOl/MF AOl CSCL 10B 

The program is directed toward development of the technology 
for safe, reliable, environmentally acceptable large wind turbines 
that have the potential to generato a significant amount of 
electricity at costs competitive with conventional electric 
generah^n systems. In addition, these large wind turbines n>wst 
be fully compatible with electric utility operations and interface 
requirements. Advances are made by gaining a better understand- 
ing of the system design drivers, improvements In the analytical 
design toots, verification of design methods with operating field 
data, and the Incorporation of new technology and Innovativa 
designs. An overview of the progiram activities is presented and 
includes results from the first and second generation field machines 
(Mod-OA. -1. and -2). the design phase of the third generation 
wind turbine (Mod-5) and the advanced technology projects. Also 
included is the status of the Department of Interior WTS-4 
machine. T.M. 


NS2-1 8691*1 National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio, 

EXPERIMENTAL STUDY OF AN INTEGRAL CATALYTIC 
COMBUSTOR; HEAT EXCHANGER FOR STIRLING 
ENGINES 

Daniel L. Bulzan 19t2 20 p refs Presented at the 1982 
Intern. Congr. and Exposition. Detroit. 22-26 Feb. 1982; sponsored 
by SAE 

(Contract DE-AI01-77CS-51040) 

(NASA-TM-82783: DOE/NASA/51 040-36) Avail: NTIS 
HC A02/MF AOl CSCL 10A 

The feasibility of using catalytic combustion with heat removal 
for the Stirling engine to reduce exhaust emissions and also 
improve heat transfer to the working fluid was studied using 
spaced parallel plates. An internajly air-cooled heat exchanger 
was placed between two noble metal catalytic plates. A preheated 
fuel-air mixture passed between the plates and reacted on the 
surface of the catalyzed plates. Heat was removed from the 
catalytic surface by radiation and convection to the aircooled 
heat exchangers i$f control temperature and minimize thermal 
nitrogen oxide ertv^ons. Test conditions were inlet combustion 
air temperatures from 850 to 900 K, inlet velocities of about 
10 m/s. equivalence ratios from 0,5 to 0.9. and pressures from 
1.3x10 to the 5th power to 2.0x10 to the 5th power Pa. Propane 
fuel was used for all testing, Combustion efficiencies greater 
than 99.5 percent were measured. Nitrogen oxide emissions 
ranged from 1.7 to 3.3 g N02/kg fuel. The results demonstrate 
the feasibility of the concept and Indicate that further invesiigattorv 
of the concept is warranted. A.R H. 


N82-18694*j{f National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

ASSESSMENT OF STEAM-INJECTED GAS TURBINE 
SYSTEMS AND THEIR POTENTIAL APPLICATION 

Robert J. Stochl Feb. 1982 21 p refs 
(NASA-TM-82735; E-10471 Avail; NTIS HC A02/MF AOl 
CSCL lOB 

Results were arrived at by utilizing and expanding on 
information presented In the literature. The results were analyzed 
and compared with those for simple gas turbine and combined 
cycles for both utility power generation and Industrial cogeneration 
applications. The efficiency and specific powei^ of simple gas 
turbine cycles can be increased as much as 30 and 50 percent, 
respectively, by the injection of steam into the combustor. 
Steam-injected gas turbines appear to be economically competitive 
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with both sirhpte gas turbin« and combined cyclaa for amall* 
clean-fuehfired utility power generttlon and Industrial cogantra* 
tion applications, for large powerpUnts with Integrated coal 
gasifiers, the economic advantages appear to be marginal, T.M. 


N82»19670*^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

PHOSrHOmC acid fuel cell technology status 

Stephen N. Simons, Robert B* King, and Paul R« Prokoplus 1981 
20 p refs Presented at Fuel Cells: TechnoL Status and Appl., 
Chicago 16*18 Nov, 1981; sponsored by Institute of Gas 
Technology 

(Contract DE-AI01 -80ET* 17088) 

iNASA*TM*82791: DOE/NASA/ 17088*3) Avail: NTIS 

HC A02/MF A01 CSCL 10A 

A review of the current phosphoric acid fuel cell system 
technology development efforts Is presented both for multimega* 
watt systems for electric utility applications and for multikilowatt 
systems for on<^site integrated energy system applications. 
Improving fuel cell performance, reducing cost, and Increasing 
durability are the technology drivers at this time. Electrodes, 
matrices, iniercell cooling, bipolar/separator plates, electrolyte 
management, and fuel selection are discussed. B.W. 


N82^19671^| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

MECHANISM AND MODELS FOR ZINC METAL MORPHOL* 
OQY IN ALKALINE MEDIA 

Charles E, May and Harold E. Kautz Dec, 1981 36 p refs 

(NASA-TM-82768; E*1090) Avail: NTIS HC A03/MF A01 
CSCL 10A 

Based on experimental observations, a mechanism is 
presented to explain existence of the different morphologlos of 
oiectrodeposited zinc in atkaiine solution, The high current density 
dendrites appear to be due to more rapid growth on the nonbasal 
crystallographic planes than on the basal plane. The low current 
density moss apparently results from dissolution from the 
nonbasal planes at low cathodic voltages. Electrochemical models 
were sought which would produce such a phenomenon. The 
fundamental plating mechanism alone accounts only for different 
rates on different planes, not foz zinc diseolution from a plane 
in the cathodic region. Fourteen models were explored; two models 
were in accord with the proposed mechanism. One involves rapid 
disproportionation of the zinc +1 species on the nonbasal planes. 
The other involves a redox reaction (corrosion) between the 
zinC'Zincate and hydrogen-water systems, S.L. 


N82*19672*))l National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

PERFORMANCE AND OPERATIONAL ECONOMICS 
ESTIMATES FOR A COAL GASIFICATION COMBINED- 
CYCLE COGENERATION POWERPLANT 

Joseph J, Nainiger, Raymond K. Burns, and Annie J, Easley 
Mar. 1982 32 p refs 

(NASA-TM-82729; E-1032) Avail: NTIS HC A03/MF AOl 
CSCL 10B 

A performance and operational economics analysis is 
presented for an Integrated-gasifior, combined-cycle (IGCC) system 
to meet the steam and baseload electrical requirements. The 
effect of time variations in steam and electrial requirements is 
included. The amount and timing of electricity purchases from 
sates to the electric utility are determined, The resulting expenses 
for purchased electricity and revenues from elb^tricity sales are 
estimated by using an assumed utility rate a^tructure model. 
Cogeneration results for a range of potential IGCC cogeneration 
system sizes are compared with the fuel consumption and costs 
of natural gas and electricity to meet requirements without 
cogeneration. The results indicate that an IGCC cogeneration 
system could save about 10 percent of the total fuel energy 
presently required to supply steam and electrical requirements 
without cogeneration. Also for the assumed future fuel and 
electricity prices, an annual operating cost savings of 21 percent 
to 26 percent could be achieved with such a cogeneration system. 
Ari analysis of the effects of electricity price, fuel price, and 
system availability Indicates that the IGCC cogeneration system 
has a good potential for economical operation over a wide range 
in these assumptions, R.J.F, 


N82*19673*/i( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

OPERATIONAL PERFORMANCE OF THE PHOTOVOLTAiC* 
POWERED GRAIN MILL AND WATER PUMlT ATTANOAYE* 
UPPER VOLTA Summery Report, Mer. 1978 - Apr, 1981 

James E. Martz, Anthony F. Ratajczak, and Richard Da Lombard 
Feb. 1982 59 p refs Sponsored In part by Bureau for 

Development Support 

(NASA-TM-82767; E-1089) Avail; NTIS HC A04/MF AOl 
CSCL 10B 

The first two years of operation of a stand atone photovol* 
talc (PV) power system for the village of Tangaye, Upper Volta 
in West Africa are described. The purpose of the experiment 
was to demonstrate that PV syslems could provide reliable 
electrical power for multiple use applications In remote areas 
where local technical expertise Is limited The 1.8 kW (peak) 
power system supplies 120-V (d.c.) electrical powar to operate 
a grain mill, a water pump, and mill building tights for the 
village. The system was Initially sized to pump a part of the 
viliage water requirements from an existing improved well, and 
to meet a portion of the village grain grinding requirements. 
The data, observations, experiences, and conclusions developed 
during the first two years of operation are discussed* Reports of 
tcists of the mills used in the project are Included. B.W, 


N82-20668^j^ National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland, Ohio. 

PERFORMANCE MAPPING STUDIES IN REDOX FLOW 
CELLS 

Mark A. Hoborecht and Lawrence H. Thaller Sep. 1981 12 p 

refs 

(Contract DE-AI04-80AL-12726) 

(NASA-TM-82707: DOE/ NASA/1 2726-13; NAS 1.16:82707; 
DE82.003288) Avail: NTIS HC A02/MF AOl CSCL 
Pumping power requirements in any flow bsttery sy,«t«rm 
constitute a direct parasitic energy loss. It Is therefore useful to 
dsterrnino the prscticsl lower limit for reectsnt flow rates, Thrcugh 
the use of a theoretical framework based on electrochemical 
first principles, two different experimental flow mapping techniques 
were developed to evaluate and compare electrodes as a function 
of flow rate. For the carbon felt electrodes presently used in 
NASA- Lewis Redox cells, a flow rate 1.5 times greater than 
the stoichiometric rate seems to be the required minimum, 

Author 


N82-21710*^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

MICROPROCESSOR CONTROL SYSTEM FOR 200- 
KILOWATT MOD-OA WIND TURBINES Final Report 

Ted W. Nyland and Arthur G. Birchenough Jan. 1982 26 p 
refs 

(Contract DE-AI01-76ET-20370) 

(NASA-TM-827V1; E-10006; NAS 1.15:82711; 
DOE/NASA/20370-22) Avail: NTIS HC A03/MF AOl CSCL 
10A 

The microprocessor system and program used to control 
the operation of the 200-kW Mod-OA wind turbines Is described. 
The system is programmed to begin startup and shutdown 
sequences automatically and to control yaw motion. Rotor speed 
and power output are controlled with integral and proportional 
control of the blade pitch angle. Included in the report are a 
description of the hardware and a discussion of the software 
programming technique. A listing of the PL/M software program 
is given. Author 


N82-21712*)JI National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

EXPERIMENTAL PERFORMANCE OF THE REGENERATOR 
FOR THE CHRYSLER UPGRADED AUTOMOTIVE GAS 
TURBINE ENGINE Final Report 

Jerry M. Winter and Ralph C. Nussle Feb, 1982 62 p refs 
(Contract DE-AI01-77CS-B1040) 

(NA^5A-TM-82671; E-953: DOE/ NASA/ 5 ^040-32: NAS 
1,15:82671) Avail: NTIS HC A04/MF A01 CSCL 10B 

Automobile gas turbine engine reg^r.drator performance was 
studied in a regenerator test facHivY provided a satisfactory 
simulation of the actual engine operating environment but with 
independent control of airflow and gas flow. Velocity and 
temperature distributions were measured Immediately dowtv^treani 
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of both tho coro high«pro$8ure«fttdo outlet and the core low* 
prossure'^sldo outlet For the original engine housing, tho 
regenerator temperature effectiver^oss was 1 to 2 percent high'^r 
than the design Value, and the heat tranefer effectlvSfii^Ss wos 
2 to 4 percent lower than the design value over the rarrge of 
test conditions Simulating BO to 100 percent of gas generator 
speed. Recalculating the design values to account for seal leakage 
docroased the design heat transfer effectiveness to values 
consistent with those measured herein A baffle Instilled in the 
engine housing high^pressuro^sldo Inlet provided more uniform 
velocities out of the regenerator but did not improve the 
effectiveness, A housing designed to provide more uniform axial 
flow to tho regenerator was also tested. Although temperature 
uniformity was Improved, the effectiveness values were not 
improved. Neither did BO^percent flow, blockage (90 degree 
segment! applied to the high-pressure*sido Inlet change the 
effectiveness significantly Author 


N82>21714*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

METHOD FOR FREDICT.^Q IMPULSIVE NOISE GENER- 
ATED BY WIND TURBINE ROTORS 
tarry A Vitorna 1982 7 p refs Presented at the Intern. 

Conf on Noise Control Eng , Son Francisco, 17-19 May 1982 
(Contra 5t o;:-Al01*7aET^20320) 

{NASA4M-82794; E-1128; DOE/NASA/20320-36; NAS 
1 15 62794! Avail; NT! S HC A02/MF A01 CSCt 108 

Urge wind turbines can generate both broad band and 
Impulsive noises. Those noises can be controlled by piopor choice 
of rotor design parameters such as rotor location with rospoct 
to tha supporting tower, tower geometry and tip speed. A method 
was dovolopod to calculate the impulsive noise generated when 
tho wind turbine blade experiences air forces that are periodic 
functions of the rotational frequency. This phenomenon can occur 
when the blades operate In the wake of tho support tower and 
the nonuniform voiocity field near tho ground duo to wind shear. 
Results from this method were compared with measured sound 
spectra taken at locations of one to two rotor diameters from 
the DOE/ NASA Mod-1 wind turbine. The calculated spectre 
generally agreed With the measured data In both the amplitude 
of the predominant harmonics and the roll of rate with frequency. 
Measured sound pressure levels far from the Mod*1 (15 rotor 
diameters!, however, were higher than predicted. Simultaneous 
measurements In the near and far field Indicated that the 
propagation effects could enhance the sound levels by more 
than 10 dB above that expected by spherical dispersion. These 
propagation effects are believed to be due to terrain and 
atmospheric characteristics of the Mod-1 site. Author 


NB2-2264B*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

EFFECT OF ROTOR CONFIGURATION ON GUYED TOWER 
AND FOUNDATION DESIGNS AND ESTIMATED COSTS 
FOR INTERMEDIATE SITE HORIZONTAL AXIS WIND 
TURBINES 

G, R. Frederick (Toledo Univ.), J. R. Winemlller, and J. M. Savino 
Mar, 1982 39 p refa 

(NASA-TM-82804J DOE/ NASA/ 20320-39: NAS 1,16:82804! 
Avail: NTIS HC A03/MF A01 CSCL 10B 

Thraa designs of a guyed cylindrical tower and its foundation 
for an intermediate size horizontal axis wind turbine generator 
are discussed. The primary difference In the three designs is the 
configuration of the rotor. Two configurations are two-b|ade rotors 
with teetering hubs • one with full span pitchable blades, the 
other with fixed pitch blades. The third configuration is a 
three-biaded rotor with a rigid hub and fixed pitch blades. In all 
configurations the diameter of the rotor is 36 meters and the 
axis of rotation is 30.4 meters above grade, and the power 
output k 200 kW and 400 kW, For each configuration the 
design is baaed upon for the most severe loading condition either 
operating wind or hurricape conditions, The diameter of the tower 
Is selected to be 1.5 metera (since It was determined that this 
would provide sufficient space for access ladders within the tower) 
with guy rods attachad at 10.7 meters above grade. Completing 
a design requires selecting the required thicknesses of the various 
cylindrical segments, the number and diameter of the guy rods, 
the number and size of soil anchors, end the size of tha central 
foundation. The lower natural frequencies of vibration are 
determined for each design to ensure that operation near 


resonanca does not occur Finally, a cost eatimate Is prepiffd 
for each design, A pratlmlnary design and coat eitlmate of a 
cantilaver tower (cylindrical and not guyad) and Its foundation 
la alto presented for each of the three conflgurationi, Author 


NS2-22872^,^ National Aeronautics and Space Administration. 
Lewis Research Center, Ctaveland, Ohio, 

SMFROVED CHROMIUM ELECTRODES FOR REDOX CELLS 
Patent ApisMcatkin 

Vinod Jatan (Ginar, Inc.!, Margaret A, Reid, and Jo Ann Charleston, 
Invemors (to NASA) Filed 26 Feb. 1982 13 p 
(NASA-Cace^LEW-13653*1r US-Patem-Appt<*SN-35262l) Avail: 
NTIS HC A02/MF AOl CSCL IOC 

An Improved electrode having | gold coating for use In the 
anode compartment of a REDOX ceil Is described. The anode 
fluid utilizes • chromlc/chrpmous couple, A carbon fait It soaked 
In methanol, rinsed In water, dried and then heated in KOH 
aHer which It is again washed In deionized water and dried. 
The felt is then moistened with a methanol water solution 
containing chloroaurlc acid and is stored In a dark place while 
still In contact with the gold^cpntainlng solution. After all the 
gpid-contalning solution Is absorbed in the felt, the latter la 
dried by heat and then heat treated at a subatantlally greater 
temperature. The felt Is then suitable for use as an electrode 
and Is wetted with water or up to two molar HQ prior to 
installation in a REDOX cell, The novelty of the invention liet in 
the use of KOH for cleaning the felt and the use of alcohol at 
a carrier for tho gold together with the heat treating procedure. 

NASA 


N82-22673*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

LIGHT WEiGHT NICKEL BATTERY PLAGUE Pss»«^ 
Appllcetion 

M. A. Reid, R. E. Post, and 0. G. Soltis, inventors (to NASA) 
Filed 19 Fob, 1982 9 p 

(NASA-Ca8e-LEW.13349-1: US-Patent-«Appl-SN-350476) Avail; 
NTIS HC A02/MF AOl CSCL IOC 

Fabrication of a nickel plaque which may be coated with 
another suitable metal or compound to form an electrode for 
use in e fuel coll or battery is described. A flexible, porous, 
platable, plastic substrate Is positioned against a diffuser together 
with an aportured support ptoie in a conduit. Flanges are clamped 
together on gaskets which prevent leakage of fluid from the 
conduit for bypassing of the substrate by the fluid, Treatment 
solutions are directed under pressure from a container by a 
pump through the substrate, diffuser and apertured support to a 
treatment solution collector. The treatment solutions are firat a 
sensitizer, then distilled water, a catalyst solution, distilled water 
and, lastly, a nickel plating bath solution. T.M. 


N82-23678*]j( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

PARAMETRIC PERFORMANCE ANALYSIS OF STEAM- 
INJECTED GAS TURBINE WITH A THERMIONSC-ENERGY- 
CONVERTER-LINED COMBUSTOR 

Yung K, Choo and Raymond K. Burns Feb. 1902 21 p refs 
(NASA-TM-82736; E-1048: NAS 1,16:82736) Avail: NTIS 
HC A02/MF AOl CSCL 108 

The performance of 8l6am*inlected gas turbines having 
combustors lined with thermionic energy converters (STIG/TEC 
systems) was analyzed and compared with that of two baseline 
systems; a steam-injected gas turbine (without a TEC-lined 
combustor! and a conventional combined gas turblne/stoam 
turbine cycle. Common gas turbine parameters were assumed 
for all of the systems, Two configurations of the STIG/TEC system 
were investigated. In both cases, steam produced In an 
exhaust-hoat-recovory boiler cools the TEC collectors. It Is then 
injected Into the gas combustion stream and expanded through 
tho gas turbine. The STIG/TEC system combines the advantage 
of gos turbine steam injection with the conversion of high- 
temperature combustion heat by TECs. The addition of TECs 
to the baseline steam-injected gas turbine Improves both Its 
efficiency and specific power. Depending on system configuration 
and design parameters, the STIG/TEC system can also achieve 
higher efficiency and specific power than the baseline combined 
cycle. Author 
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TEUVt FOR WIND-DRIVEN fURSINE MOTORS Final 
Rapait 

H. Binkiitls Mtr 1962 49 p refs 
(Comrtcl DE.AI01*76£T^20320| 

(NASA-TM;62784; E-1116; OOE/NASA/20320-37; NAS 
1«1S:62764) Avail: NTIS HC A03/MF A01 CSCL 108 
Wind-driven turbine generators are being evaluated as an 
alternative source of electric energy* Areas of favorable location 
for the wind-driven turbines (high wind density) coincide with 
areas of nigh incidence of thunderstorm activity* These locations, 
coupled with ins 30-m or larger diameter rotor blades, make 
the wind-driven turbine blades probable terminations for light- 
ning strikes. Several candidate systems of lightning accommoda- 
tion for composite-stnjctural-material blades were designed end 
their effectiveness evaluated by submitting the systems to 
simulated lightning strikes, the test data were analyzed and 
system declgn were reviewed on the basis of the analysis. T.M. 


N62-23684'^/)f Notional Aeronautics and Space Administration, 
lewis Research Center. Cleveland. Ohio. 

WIND TURBINE DYNAMICS 

Robert W. Thresher, ed. (Oregon State Univ.. Corvallis) May 
1981 422 p refs Workshop held in Cleveland 24-26 Feb. 

1981 Sponsored in part by DOE 
(NASA-CP-2185: NAS 1.56:2165; CONF-81-226; 
SERI/CP-635-1238) Avail: NTIS HC A10/MF AOt CSCL 
10B 

Recent progress In the analysis and prediction of the dynamic 
behavior of wind turbine generators is discussed. The following 
areas were addressed: (1) the adequacy of state of the art analysis 
tools for designing the ne^t generation of wind power systems: 
^2) the use of state of the art analysis tools designers: and 
(3) Verifications of theory which might be lacking or inadequate. 
Summaries of these informative discussions as well as the 
questions and answers which followed each paper are documen- 
ted In the proceedings. For individual titles, see N82-23685 
through N82-23733. 


N82-23696*/)! National Aeronautics and Space ^ministration. 
Lewis Research Center. Cleveland. Ohio. 

AFPUCATIONS OF THE DOE/NASA WIND TURBINE 
ENGINEERING INFORMATION SYSTEM 
Harold E. Neustadtor and Devid A. Spera in its Wind Turbine 
Dyn. May 1981 p 113-120 refs (For primary document see 
N02-23684 14-44) 

Avail: NTIS HC A18/MF A01 CSCL lOB 

A statistical analysis of data obtained from the Technology 
and Engineering Information Systems was made. The systems 
analyzed consist of the following elements: (1) sensors which 
measure critical parameters (e g., wind speed and direction, output 
power, blade loads and component vibrations); (2) remote 
multiplexing units (RMUs) on each wind turbine which frequency- 
modulate. multiplex and transmit sensor outputs: (3) on-site 
instrumentation to record, process and display the sensor output: 
and (4) statistical analysis of data. Two examples of the capabilities 
of these systems are presented. The first illustrates the 
standardized format for application of statistical analysis to each 
directly measured parameter. The second shows the use of a 
model to estimate the variabitity of the rotor thrust loading, 
which Is a derived parameter. Author 


N82-23699^j{( National Aeronautics and Space Administration. 
Lewis Research Center. Cieveland. Ohio. 

CALCULATION OF GUARANTEED MEAN POWER FROM 
WIND TURBINE GENERATORS 

David A. Spera /n/f5 Wind Turbine Dyn. May 1981 p 139-150 
refs (For primary document coe N82-23684 14-44) 

Avail; NTIS HC A18/MF A01 CSCL 108 

A method for calculating the ‘guaranteed moan* power output 
of a wind turbine generator is ptoposed The term 'mean power* 
refers to the average power generated at specified wind speeds 
during short-term tests. Correlation of anemometers, the method 
of bins for analyzing non-steady data, the PROP Code for predicting 
turbine power, and statistical analysis of deviations in test data 


from theory are discussed. Guaranteed mean power density for 
the Clayton Mod-OA system was found to be 8 watts per square 
meter less than theoretical power density at alt power levels, 
with a confidence level of 0.999. This amounts to 4 percent of 
rated power. Author 


NB2-23707*| Notional Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

WHIRL FLUTTER ANALYSIS OF A HORIZONTAL-AXIS 
WIND TURBINE WITH A TWO-BLADED TEETERING 
ROTOR 

David C. Janetzko and Krishna R. V. Kaza (Toledo Unlv.) in 
NASA. Lewis Research Center Wind Turbine Dyn. May 1981 
p 201-210 refs (For primary document see N82-23684 14-44) 
Avail: NTIS HC A18/MF A01 CSCL 10B 

Whirl flutter and the effect of pitch-flop coupling on teetering 
mention of a wind turbine were Investigated. The equations of 
(Otion are derived for an idealized five-degree-of-freedom 
mathematical model of a horizontal-axis Wind turbine with a 
two-bladed teetering rotor. The model accounts for the out-of- 
plane bending motion of each blade, the teetering motion of 
the rotor, and both the pitching and yawing motions of the 
roTor support. Results show that the design is free from whirl 
flutter. Selected results are presented indicating the effect of 
variations in rotor support damping, rotor support stiffness, and 
pitch- flap coupling on pitching, yawing, teetering, and Wade 
bending motions, Author 


N82-23710*|jf National Aeronautics and Space Administration. 
Lewis Research Center. Qoveland. Ohio. 

COMFARIFON OF UPWIAID AND DOWNWIND ROTOR 
OPERATION OF THE DOE/NASA 100-kW MOD-0 WIND 
TURBINE 

John C. Glasgow. Dean R. Miller, and Robert D. Corrigan in 
its Wind Turbine Dyn. May 1981 p 225-234 refs (For primary 
document see N82-23684 14-44) 

Avail: NTIS HC A10/MF AOl CSCL 108 

Teats were conducted on a 38m diameter horizontal axis 
wind turbine, which had first a rotor downwind of the supporting 
truss tower and then upwind of the tower. Aside from the 
placement of the rotor and the direction of rotation of the drive 
train, the wind turbine was Identical for both tests, Three aspects 
of the test results are compared: rotor blade bending loads, 
rotor teeter response, and nacelle yaw moments. As a result of 
the tests. It is shown that While mean flatwise bending moments 
were unaffected by the placement of the rotor, cyclic flatwise 
bending tended to increase with wind speed for the downwind 
rotor while remaining somewhat uniform with wind speed for 
the upwind rotor, reflecting the effects of increased flow 
disturbance for downwind rotor, Rotor teeter response was not 
significantly affected by the rotor location relative to the tower, 
but appears to reflect reduced teeter stability near rated wind 
speed for both configurations. Teeter stability appears to return 
above rated wind speed, however. Nacelle yaw moments are 
higher for the upwind rotor but do not indicate significant design 
problems for either configuration. T.M. 


N82-23711'*}|f National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

A REVIEW OF RESONANCE RESPONSE IN LARGE 
HORIZONTAL- AXIS WIND TURBINES 
Timothy L. Sullivan in its Wind Turbine Dyn. May 1981 
p 237-244 refs (For primary document see N82-23684 14-44) 
Avail: NTIS HC A18/MF AOl CSCL 10B 

Field operation of the Mod-0 and Mod-1 wind turbines Is 
described, Operational experience shows that 1 per rev excitation 
exists in the drive train, high aerddynamlc damping prevents 
resonance response of the blade flatwise modes, and teetering 
the hub substantially reduces the chordwise blade response to 
odd harmonic excltatiori. These results can be used by designer 
as a guide to system frequency placement. In addition it Is 
found that present analytical techniques can accurately predict 
wind turbine natural frequencies. T.M. 
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N02«2373O*| National Aoroneutics and Space Administration. 
Lewis Research Center, Dovoland. Ohio. 

THE NASA.URC WIND TURAINE SOUND PREDICTION 
CODE 

Larry A ‘ Vitorna M /W Wind Turbine Dyn, May 1981 p 411*418 
refs (For primary document see N82-23684 14*44) 

Avalh NTIS HC A18/MF A01 CSCL 10B 

Since regular operation of the DOE/ NASA MOD*1 wind 
turbine began In October 1979 about 10 nearby households 
have complained of noise from the machine Development of 
the NASA*LeRC with turbine sound prediction code began In 
May 1980 as part of un effort to understand and reduce the 
noise generated by M0D*1. Tone sound levels predicted with 
this code are In generally good agreement with measured data 
taken In the vicinity MOD-1 wind turbine (loss than 2 rotor 
diameters). Comparison in the far field Indicates that propagation 
effects duo to torroin and atmospheric conditions may be 
amplifying the actual sound levels by about 6 dB. Parametric 
analysis using the code has shown that the predominant 
contributions to MOD^I rotor noise are. (1) the vetocity deficit 
in the wake of the support tower: (2) the high rotor speed: and 
(3) off column operation. Author 


NB2*24ft47*/jf National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

DESIGN OP A 35-KILOWATT BIPOLAR NiCKEL-HYDROOEN 
BATTERY PON LOW EARTH ORBIT APPLICATION 
Robert L. Cataldo and John J. Gmithrick 1982 10 p refs To 
be presented at the 17th Intersoc. Energy Conversion Eng. Conf„ 
Los Angeles, 8*13 Aug. 1982: sponsored by IEEE, AIAA, ACS, 
AlChE, ANS, ASME and SAE 

(NASA-TM-82844: E-1214; NAS 1.15:82844) Avail: NTIS 
HC A02/MF A01 CSCL IOC 

The needs of multikilowatt storage for low Earth orbit 
applications are featured. The modular concept, with projected 
energy densities of 20-24 W-hr/lb and 700*900 W-hr/ft3, has 
slgnincsnt Improvements over state of the art cipabllitled. Other 
design features are; active cooling, a new scheme for H2*02 
recombination, and pore size ongineeripg of all cell components. 

T.M. 


N82-2471 7*^)1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

HIGH VOLTAGE V-GROOVE SOLAR CELL Patent Appilca* 
tion 

J. C. Evans, Jr,. A. T. Chai, and C. P, Goradia, inventors (to 
NASA) Filed 18 Mar. 1982 11 p 

(NASA-Caso- LEW- 1340 1*2: US-Patent*App(*SN-359388) Avail; 
NTIS HC A02/MF A01 CSCL 10A 

A high voltage multijunction solar cell Is disclosed. The cell 
is composed of a plurality of discrete voltage generating regions, 
or unit cells, which are formed in a single semiconductor wafer 
and are connected together so that the voltages of the Individual 
ceils are additive. The unit cells comprise doped regions of opposite 
conductivity types separated by a gap. V-shaped grooves are 
formed in the wafer and thereafter the wafer is oriented so that 
Ions of one conductivity type can be Implanted in one lace of 
the groove while the other face is shielded. A metallization layer 
is applied and selectively etched away to provide connections 
between the unit cells. NASA 


N82-25636*j^ National Aeronautics and Space Administration. 
Lewis Research Center, Clevelsnd, Ohio. 

IMPACT OF UNIFORM ELECTRODE CURRENT DISTRIBU- 
TION ON ET? 

David J. Bents 1982 10 p refs Presented at the 20th 

Aerospace Sci. Meeting, Orlando. Fla.. 11-14 Jan 1982 
(Contract DE-AI01-77ET-10769) 

(NASA-TM-82875: E-1044: NAS 1.15:82875; 
OOE/NASA/10769-24) Avail; NTIS HC A02/MF A01 CSCL 
10A 

The design impacts on the ETF electrode consolidation 
network associated with uniform channel electrode current 
distribution are examined and the alternate consolidation design 
which occur are presented comr -red to the basaline (non-uniform 
current) design with respect to performance, and hardware 
requirements. A rational basis is given for comparing the 
requirements for the different designs and the savings that result 
from uniform current distribution. Performance and cost impacts 
upon the combined cycle plant are discussed. Author 


N82-26637*/)l National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio* 

NASA REDOX SYSTEM DEVELOPMENT PROJECT STA- 
TUS 

A. W. Nice 1981 18 p refs Presented at the 4th Battery 

and Electrochem Contractors Conf, Washington, 2-4 Jun* 1981 
(Contract DE-AI01 -BOA L- 12726) 

(NASA-TM-82665: E-939: DOE/ NASA/ 12726-9: NAS 
1*t5;82606) Avail: NTIS HC A02/MF AQ1 CSCL 10A 
NASA-Redox energy storage systems developed for solar 
power applications and utility load leveling applications are 
discussed* The major objective of the project is to establish the 
technology readirtess of Redox energy storage for Kransfer to 
industry for product devok>pment and commercialization by 
industry. The approach is to ^pompetltively contract to design, 
build, and test Redox system^ progressively from preprototype 
to prototype multl-kW and megawatt systems and conduct 
supporting technology advancement tasks* The Redox electrode 
and membrane are fully acfoquate for multl*kW solar related 
applications and the viability of the Redox system tec'ihology 
as demonstrated for multi-kW solar related applications* Tb^ status 
of the NASA Redox Storage System Project is describej along 
with the goals and objectives of the project elements. Author 


N82-26790*/)! National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

OPTIMIZATION OF THE OXIDANT SUPPLY SYSTEM FOR 

COMBINED CYCLE MHD. POWER PLANTS 

Albert J Juhasz 1982 14 p refs Presented a the 20th 

Symp. on the Eng. Aspects of Mognotohydrodyn., Irvine. Calif*. 

14-16 Jun. 1981 

(Contract DE-AI01-77ET^ 10769) 

(NASA-TM-82909; E-1294: DOE/ NASA/ 107 69 *27; NAS 
1.15:82909) Avail: NTIS HC A02/MF A01 

An In-depth study was conducted to determine what, If any, 
improvements could be mode on the oxidant supply system for 
combined cycle MHD power plants which could be reflected in 
higher thermal effjcioncy and a reduction in the cost of electricity, 
COE. A systematic analysis of air separation process varitions 
which showed that the specific energy consumption could be 
minimized when the product stream oxygen concentration is about 
70 mole percent was conducted. The use of advanced air 
compressors, having variable speed and guide vane position 
control, results in additional power savings. The study elso ted 
to the conceptual design of a new air separation process, sized 
for a 500 MW sub e MHD plant, referred to a internal compression 
is discussed. In addition to its lower overall energy consumption, 
potential capital cost savings were identified for air separation 
plants using this process when constructed in a single large air 
separation train rather than multiple parallel trains, typical of 
conventional practice B.W. 


N82-26807*/)! Natlbnal Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

MOD-2 WIND TURBINE SYSTEM CLUSTER RESEARCH 
TEST PROGRAM, VOLUME 1: INITIAL PLAN E-1290 Final 
Report 

Larry H* Gordon Mar. 1982 92 p refs 2 Vot. 
(NASA-TM-82906; NAS 1.15:82906: DOE/NASA/20306-8) 
Avail; NTIS HC A05/MF A01 CSCL 10A 

Upon completion of the design and development of three 
Mod-2 wind turbines, a series of research experiments are planned 
to gather data on and evaluate the performance, environmental 
effects, and operation of a cluster as well as a single, large 
multimegawatt wind turbine, Information on the program 
objectives, a Mod*2 system description, a planned schedule, 
organizational roles, and responsibilities, is included. T.M. 


NB2~27B3B*II National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

COMPARATIVE ANALYSIS OF THE CONCEPTUAL DESIGN 
STUDIES OF POTENTIAL EARLY COMMERCIAL MHu 
POWER PLANTS (C8PEC) 

R. J. Sovie, J. M. Winter, A. J. Juhasz, and R. D. Berg (Gilbert 
Associates, Inc.) 1962 27 p refs Presented at the 20th 

Symp. on the Eng, Aspects of Magnetohydrodyn*. Irvine, Calif., 
14*16 Jun. 1982 
(Contract DE-AI01-77ET-10769) 

(NASA-TM-82897: DOE/ NASA/ 10769-26: NAS 1*15:82897) 
Avail: NTIS HC A03/MF A01 CSCL 10B 
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A conceptual design study of the MHD/steam plant that 
incorporates the use of oxygen enriched air preheated in a metallic 
heat exchanger as the combustor oxidant showed that this plant 
is the most attractive for early commercial applications* *^a 
variation of performance and cost was investigated as a function 
of plant size. The contractors* results for the overall efficiencies 
are In reasonable agreement considering the slight differences 
in their plant designs. NASA LeRC is reviewing cost and 
performance results for consistency with those of previous studies* 
including studies of conventional steam plants. LeRC in house 
efforts show that there are still many tradeoffs to be considered 
for these oxygen enriched plants and considerable variations can 
be made in channel length and level of oxygen enrichment with 
littie change in overaH plant efficiency* A.R.H* 


N82*28786^l{f National Aeronautics and Space Administration. 
Lewis Research Center* Cleveland* Ohio. 

ROLLIUG RESISTANCE OF ELECTRIC VEHICLE TIRES 
FROM TRACK TESTS 

Miles 0. Dustin and Ralph J. Slavik Jun. 1982 26 p refs 
Sponsored in part by NASA 
(Contract DE-AI01-77CS-51044) 

(NASA^TM-82836; DOE/NASA/51044-24; NAS 1.15;82836) 
Avail: NTIS HC A03/MF AOl CSCL 13F 

Special ldw-rolling*resistance tires were made for DOE*s 
ETV-i electric vehicle Tests were conducted on these tires and 
on a set of standard commercial automotive tires to determine 
the rolling resistance as a function of time during both constant- 
speed tires and SAE J227a driving cycle tests. The tests were 
conducted on a test track at ambient temperatures that ranged 
from 15 to 32 C (59 to 89 F) and with tire pressures of 207 
to 276 kPa (30 to 40 psi) At a contained-air temperature of 
38 C (100 F) and a pressure of 207 kPa (30 psi) the rolling 
resistances of the electric vehicle tires and the standard 
commercial tires* respectively, were 0 0102 and 0.0088 kitogram 
per kilogram of vehicle weight. At a contained-air temperature 
of 38 C (100 F) and a pressure of 276 kPa (40 psi) the rolling 
resistances were 0.009 and 0.0074 kilogram per kilogram of 
Vehicle weight, respectively. Author 


N82-29708* National Aeronautics and Space Administration. 
Lewis Research Center* Cleveland* Ohio 

ADVANCED INORGANIC SEPARATORS FOR ALKALINE 
BATTERIES Patent 

Dean W. Sheibley, inventor (to NASA) Issued 25 May 1982 
5 p Filed 27 Feb. 1981 Supersedes N8 1-22466 (19 - 13. 
p 1777) 

(NAS A-Case- LEW- 1 3 1 7 M ; US- Patent-4,33 1 .746; 
US-Patent-App)-SN-238790: US-Patent-aass-429-144: 
US-Patent-Class-429-261: US-Patent-Class.429-254) Avail; US 
Patent and Trademark Office CSCL IOC 

A flexible* porous battery separator comprising a coating 
applied to a porous* flexible substrate is described. The coating 
comprises: (1) a thermoplastic rubber-based resin which is 
insoluble and unreactive in the alkaline electrolyte: (2) a polar 
organic plasticizer which is reactive with the alkaline electrolyte 
to produce a reaction product which contains a hydroxyl group 
and/or a carboxylic acid group: and (3) a mixture of polar 
particulate filler materials which are unreactive with the electro- 
lyte* the mixture comprising at least one first filler material having 
a surface area of greater than 25 meters sq/gram, at least one 
second filler material having a surface area of 10 to 25 sq 
meters/gran^* wherein the volume of the mixture of filler materials 
is less than 45% of the total volume of the fillers and the 
binder* the filler surface area per gram of binder Is about 20 to 
60 sq meters/gram, and the amount of plasticizer is sufficient 
to coat each filler particle A method of forming the battery 
separator is also described. 

Official Gazette of the U S Patent and Trademark Office 


N82-29709* National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland, Ohio. 

METHOD OF MAKING A HIGH VOLTAGE V-GROOVE 
SOLAR CELL Patent 

John C. Evans, Jr., An-Ti Chai* and Chandr' P. Goradia, inventors 
(to NASA Issued 22 Jun. 1982 6 p Filed 24 Dec. 1980 

Supersedes N8 1-1 6529 (19 - 07, p 092. • 
(NASA-Case-LEW-13401-1- US-Patent-^ .^^5,503; 
US-Patent-Appl-SN-219678: US-Patent-ClaSs-29-572; 
US-Patent- Class- 136-249: US-Patent- Class- 148-1.5; 


US-Patent*C(ass-357*30) Avail: US Patent and Trademark 

Office CSCL 10A 

A method is provided for making a high voltage multt|unction 
solar coll The cell comprises a plurality of discrete voltage 
generating regions* or unit cells, which are formed in a sirtglo 
semiconductor wafer and are connected together so that the 
voltages of the individual Leti» are additive The unit ceils comprise 
doped regions of opposite Conductivity types separated by a 
gap. The method includes forming V-shaped grooves ip the wafer 
and thereafter orientiiig the wafer so that ions of one cortductiv^ 
ity type can be imptanted in one face of the groove while the 
other face is shielded. A metallization layer is applied and 
selectively etched away to provide connections between the unit 
cells. Official Gazette of the U S Patent and Trademark Office 


N82-29717'^lf( National Aeronautics and Space Administration. 
Lewis Research Center* Cleveland* Ohio. 

TECHNIQUES FOR ENHANCING DURABILITY AND 
EQUIVALENCE RATIO CONTROL IN A RICH-LEAN* 
THREE-STAGE GROUND POWER GAS TURBINE COMBUS- 
TOR 

Donald F. Schultz 1982 14 p refs Presented at 1982 Joint 
Power Generation Conf., Denver, 17-21 Oct, 1982; sponsored 
by ASM E 

(Contract DE-AiOl -77 ET- 10350} 

(NASA-TM-82922; DOE/NASA/ 10350-33-E-131S. NAS 
1 15.82922) Avail; NTIS HC A02/MF AOl CSCL 10A 

Rig tests of a can-type combustor were performed to 
demonstrate two advanced ground power engine combustor 
concepts; steam cooled rich-burn combustor primary zones for 
enhanced durability; and variable combustor geometry for three 
stage combustion equivaience ratio control. Both concepts proved 
to be highly successful in achieving their desired objectives. The 
steam cooling reduced peak liner temperatures to less than 
800 K. This offers the potential of both long life and reduced 
use of strategic materials for liner fabrication. Three degrees of 
variable geometry were successfully implemented to control airflow 
distribution within the combustor. One was a variable blade angle 
axial flow air swirler to control primary airflow while the other 
two consisted of rotating bands to control secondary and 
tertiary or dilution air flow. B.W. 


N82-30700*)jl National Aeronautics and Space Administration. 
Lewis Research Center* Cleveland* Ohio. 

RESULTS OF CHOPPER-CONTROLLED DISCHARGE LIFE 
CYCLING STUDIES ON LEAD ACID BATTERIES 

John G. Ewashinka and Steven M. Sidik 1982 17 p refs 

Presented at the V7th Intersoc. Energy Conversion Eng, Conf,* 
Los Angeles. 8-13 Aug. 1982 Sponsored In part by DOE 
(NASA-TM-82912: DOE/ NASA/5 1044-26; E-1293: NAS 
1.15:82912) Avail: NTIS HC A02/MF AOl CSCL IOC 

A group of 108 state of the art nominally 6 volt lead acid 
batteries were tested In a program of one charge/discharge cycle 
per day for over two years or to ultimate battery failure. The 
primary objective was to determine battery cycle life as a function 
of depth of discharge (25 to 75 percent), chopper frequency 
(100 to 1000 Hz), duty cycle (25 to 87.5 percent), and average 
discharge current (20 to 260 A), The secondary objective was 
to determine the types of battery failure modes* If any* w«ro 
due to the above parameters. The four parameters above were 
incorporated in a statistically designed test program. R.J.F. 


N82-30704*jj( National Aeronautics and Space Administration. 
Le^vis Research Center, Cleveland* Ohio. 

LEWIS PRESSURIZED, FLUIDIZED-BED COMBUSTION 
PROGRAM* DATA AND CALCULATED RESULTS 
R, James Rollbuhler Mar. 1982 63 p refs 
(NASA-TM-81767; E-830; NAS 1*15;81767) Avail: NTIS 
HC A04/MF AOl CSCL lOB 

A 200 kilowatt (thermal), pressurized, fluidized bed (PFB) 
reactor and research test facility were designed* constructed* 
and operated. The facility Was established to assess and evaluate 
the effect of PFB hot gas effluent on aircraft turbine engine 
materials that may have applications jn stationary powerplant 
turbogenerators. The facility was intended for research and 
development work and was designed to operate over a wide 
range of conditions, These conditions Included the type and rate 
of consumption of fuel (e.g,* coal) and sulfur reacting sorbent 

ORIGINAL PAGE IS 
OE POOR QUALITY 


124 


mattrial; the ratio of faad fuai to sorbant matarial; tha ratio of 
faad fuel to combustion airflow; the depth of tha fluidized reaction 
bed: the temperature and praaaure in the reaction bed: and the 
type of test unit that was exposed to tha combustion exhaust 
gases. S,L 


N82-30710*! National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

EXPERIENCE AND ASSESSMENT OF THE DOE-NASA 

MOD-1 2000-KILOWATT WIND TURBINE GENERATOR AT 

BOONE. NORTH CAROLINA Final Report 

John L. Collins. Richard K. Shaltenc. Richard H. Poor (General 

Electric. Philadelphia), and Robert S. Barton (General Electric. 

Philadelphia) Apr. 1982 55 p refs 

(Contract DE-AI01-76ET-20366) 

(NASA.TM-82721; M020; DOE/NASA/20366-2: NAS 
1.15:82721) Avail: NTIS HC A04/MF A01 CSCL 10A 
The Mod 1 program objectives are defined. The Mod 1 wind 
turbine is described. In addition to the steel blade operated ot\ 
the wind turbine, a composite biade was designed and manufac- 
tured. During the eariy phase of the manufacturing cycle of 
Mod 1A configuration was designed that Identified concepts such 
as partial span control, a soft tower, and upwind teetered rotors 
that were incorporated in second and third generation industry 
designs. The Mod 1 electrical system performed as designed, 
with voltage flicker characteristics within acceptable utility limits. 
Power output versus wind speed equaled or exceeded design 
predictions. The wind turbine control system was operated 
successfully at the site and remotely from the utility dispatcher's 
office. During wind turbine operations, television interference was 
experienced by the local residents. As b consequence, operations 
were restricted. Although not implemented, two potential solutions 
were Identified. In addition to television interference, a few local 
residents complained bout objectionable sound, particularly the 
'thump* as the blade passed behind the tower. To eliminate 
objections^ the sound generation level was reduced by 10 dB 
by reducing the rotor speed from 35 rpm to 23 rpm. Bolts in 
the drive train fractured. A solution was identified but not 
implemented. The public reaction toward the Mod 1 wind turbine 
Virogram was overwhelmingly favorable. S L. 


N82-30713*/jl National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland, Ohio. 

INTEGRATED GASIFIER COMBINED CYCLE POLYGENERA- 
TION SYSTEM TO PRODUCE LIQUID HYDROGEN 

Raymond K, Burns. Peter J. Staiger, and Richard M. Donovan 
Jul. 1982 37 p refs 

(NASA-TM-82921; E-1308; NAS 1.15:82921) Avail: NTIS 
HC A03/MF A01 CSCL 10A 

An integrated gasifier combined cycle (IGCC) system which 
simultaneously produces electricity, process steam, and liquid 
hydrogen was evaluated and compared to IGCC systems which 
cogenerate electricity and process steam. A number of IGCC 
plants, all employing a 15 MWe has turbine and producing 
from 0 to 20 tons per day of liquid hydrogen and from 0 to 
20 MWt of process steam were considered. The annual revenue 
required to own and operate such plants was estimated to be 
significantly lower than the potential market value of the products. 
The results Indicate a significant potential economic benefit to 
configuring IGCC systems to produce a clean fuel in addition to 
electricity and process steam in relatively small Industrial 
applications. Author 


N82-30714*/J1 National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio, 

ASSESSMENT OF A 40-KILOWATT STIRLING ENGINE FOR 
UNDERGROUND MINING APPLICATIONS 

James E. Cairelli, Gary G, Kelm, and Jack G. Slaby Jun. 1982 
75 p refs 

(Contract Dl-BM-JO-1 00026) 

(NASA-TM-R2822: E-1171; NAS 1,15:82822) Avail: NTIS 
HC A04/MF A01 CSCL 081 

An assessment of alternative power souces for underground 
mining applications was performed. A 40-kW Stirling research 
engine was tested to evaluate its performance and emission 
characteristics when operated with helium working gas and diesel 
fuel, The engine, the test facility, and the test procedures are 
described. Performance and emission data for the engine operating 
with helium working gas and diesel fuel are reported and 
compared with data obtained with hydrogen working gas and 
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unleaded gasoline fuel. Helium diesel test results are compared 
with the characteristics of current diesel engines and other Stirling 
engines. External surface temperature data arc also presented. 
Emission and temperature results are compared with the 
Federal requirements for diesel underground mine engines. The 
durability potential of Stirling engines is discussed on the basis 
of the experience gaind during the engine tests. Author 


N82-30715*/j( National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio, 

SYNTHETIC BATTERY CYCLING TECHNIQUES 
Harold F. Leibecki and Lawrence H. Thaller 1982 8 p refs 
Proposed for presentation at the 4ih ESTEC Spacecraft Power 
Conditioning Seminar, Noordwijk. Netherlands, 9-11 Nov. 1982: 
sponsored by ESA 

(NAS>k-TM-82945; E-1351; NAS 1,15:82945) Avail: NTIS 
HC A02/MF A01 CSCL IOC 

Synthetic battery cycling makes use of the fast growing 
capability of computer graphics to illustrate some of the basic 
characteristics of operation of individual electrodes within art 
operating electrochemical cel). It can also simulate the operation 
of an entire string of cells that are used as the energy storage 
subsystem of a power system. The group of techniques that as 
a class have been referred to as Synthetic Battery Cycling is 
developed in part to try to bridge the gap of understanding that 
exists between single cell characteristics and battery system 
behavior. Author 


N82-30716*))l National Aeronautics and Space AdmintOtration. 
Lewis Research Center. Cleveland. Ohio. 

NICKEL-HYDROGEN BIPOLAR BATTERY SYSTEMS 
Lawrence H. Thaller 1982 9 p refs Proposed for presentation 
at the 4th ESTEC Spacecraft Power Conditioning Seminar. 
Noordwijk. Netherlands, 9-11 Nov, 1982: sponsored by ESA 
(NASA-TM-82946; E-i352; NAS 1,15:82946) Avail: NTiS 
HC A02/MF A01 CSCL 10A 

Nickel-hydrogen cells are currently being manufactured on a 
semi-experimental basis. Rechargeable nickel-hydrogen systems 
are described that more closrly resemble a fuel cell system 
than a traditional nickel-cadmium battery pack, This has been 
stimulated by the currently emerging requirements related to 
large manned and unmanned low earth orbit applications. The 
resultant nickel-hydrogen battery system should have a number 
of features that would lead to improved reliability, reduced costs 
as well as superior energy density and cycle lives as compared 
to battery systems constructed from the current state-of-the-art 
nickel-hydrogen individual pressure vessel colls. B.W. 


N82-30717*|)i National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

CATALYTIC COMBUSTION OF ACTUAL LOW AND 
MEDIUM HEATING VALUE GASES 

Daniel L, Bulzan 1982 19 p refs Presented at the Joint 

Power Generation Conf„ Denver, 17-21 Oct. 1982 
(Contract DE-AI01-77ET-10350) 

(NASA-TM-82930; E-1326; DOE/NASA/ 10350-34; NAS 
1.15:82930) Avail: NTIS HC A02/MF AOl CSCL 10A 
Catalytic combustion of both low and medium heating value 
gases using actual coal derived gases obtained from operating 
gasifiers was demonstrated. A fixed bed gasifier with a complete 
product gas cleanup system was operated in i\n air blown mode 
to produce low heating value gas. A fluidized bed gasifier with 
a water quench product gas cleanup system was operated in 
both an air enriched and an oxygen blown mode to produce 
lo^v and medium, heating value gas. Noble metal catalytic reactors 
were evaluated in 12 cm flow diameter test rigs on both low 
and medium heating value gases. Combustion efficiencies 
greater than 99.5% were obtained with all coal derived gaseous 
fuels. The NOx emissions ranged from 0.2 to 4 g N02 kg fuel. 

E.A.K. 


N82‘31764* National Aeronautics and Space Administration. Lewis 
Research Center, Cleveland, Ohio. 

HIGH VOLTAGE PLANAR MULTIJUNCTION SOLAR CELL 
Patent 

John C. Evans, Jr., An-Ti Chai, and Chandra P. Goradia, inventors 
(to NASA) Issued 24 Dec. 1980 6 p Filed 24 Dec. 1980 
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Suporsedes N01.16528 (19 - 07. p 0927) 

(NASA-Case-LEW.1 3400-1; US-PatenM.341.918; 
US-Patent-Appl-SN-219677; US-Patent-Oass-1 36-249; 
US-Patent-Class-357-30) Avail: US Patent and Trademark Office 
CSCL 10A 

A high voltage multijunctlon solar cell is provided wherein a 
plurality of discrete voltage generating regions or unit cells are 
formed In a single generally planar semlconductp'; body. The unit 
cells are comprised of doped regions of opposite conductivity type 
separated by a gap or undiffused region. Metal contacts connect 
adjacent cells together In series so that the output Voltages of 
the individual cells are additive. In some embodiments, doped 
field regions separated by a overlie the unit cells but the cells 
may be formed In both faces of the wafer. 

Official Gazette of the U.S. Patent and Trademark Office 


N82»31769*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

MICRONIZED COAL BURNER FACILiTY Patent Application 
F. D. Calfo and M. W. Lupton. Inventors (to NASA) Filed 30 Jun. 
1982 13 p 

(N AS A-Case-LEW- 1 3426-1 ; US-Patent-Appl-SN-393588) Avail; 
NTIS HC A02/MFA01 CSCL 1 0B 

A combustor or burner system In which the ash resulting from 
burning a coal In oil mixture Is of submicron particle size is 
described. The burner system comprises a burner section, a flame 
exit nozzle, a fuel nozzle section, and an air tube by which 
preheated air Is directed Into the burner section. Regulated air 
pressure is delivered to a fuel nozzle. Means are provided for 
directing a mixture of coal particles and oil from a drum to a 
nozzle at a desired rate and pressure while means returns excess 
fuel to the fuel drum. Author 


N82-31776*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

GAS TURBINE CRITICAL RESEARCH AND ADVANCED TECH- 
NOLOGY (CRT) SUPPORT PROJECT Annual Report, Fiscal 
Year 1980 

Edward R. Furman, David N. Anderson, Michael A. Gedwlll, Jr., 
Carl E. Lowell, and Donald F. Schultz Jul. 1982 47 p refs 
(Contract DE-A101 -77ET-1 0350) 

(NASA-TM-82872; E-1247; NAS 1.16:82872) Avail: NTIS 
HC A03/MF A01 CSCL 10A 

The technical progress to provide a critical technology base 
for utility gas turbine systems capable of burning coal-derived fuels 
is summarized. Project tasks include the following: 
(1) combustion - to Investigate the combustion of coal-derived 
fuels and the conversion of fuel-bound nitrogen to NOx; (2) 
materials - to understand and prevent the hot corrosion of turbine 
hot section materials; and (3) system studies - to Integrate and 
guide the technological efforts. Technical accomplishments Include: 
an extension of flame tube combustion testing of propane - Toluene 
Fuel Mixtures to vary H2 content from 9 to 18 percent by weight 
and the comparison of results with that predicted from a NASA 
Lewis General Chemical Kinetics Computer Code; the design and 
fabrication of combustor sector test section to test current and 
advanced comi^>ustor concepts; Testing of Catalytic combustors 
with residual and coal-derived liquid fuels; tasting of high strength 
super alloys to evaluate their resistance to potential fuel Impurities 
tiJlng doped clean fuels and coal-denved liquids; and the testing 
and evaluation of thermal barrier coatings and bond coatings on 
conventional turbine materials. Author 


N82-31777*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

ON THE CAUSE OF THE FLaT-SPOT PHENOMENON OB- 
SERVED IN SILICON SOLAH CELLS AT LOW TEMPERATURES 
AND LOW INTENSITIES 

V. G. Weizer, J. D. Broder, H. W. Brandhorst, and A. F. Forestleri 
1982 14 p refs Presented at the 3rd European Symp. on 

Photovoltaic Generators In Space, Bath, England, 4-6 May 1982; 


sponsored by RAE, U.K. DepL of Industry and ESA. 
(NASA-TM-82903; E-1286; NAS 1.15:82903) Avail: NTIS 
HC A02/MF A()1 CSCL 10A 

A model Is pr<)sented that explains the liat-spot' (FS) power 
loss phenomenon observed In silicon solar cells operating deep 
space (low temperature, low Intensity) conditions. Evidence Is 
presented suggesting that the effect Is duo to localized metallurgical 
interactions between the silicon substrate and the contact 
metallization. These reactions are shown to result In localized 
regions In which the PN junction Is destroyed and replaced with a 
metal-semiconductor-ilke Interface. The effects of thermal treat- 
ment, crystallographic orientation, junction depth, and metalluriza* 
tion are presented along with a method of preventing the effect 
through the suppression of vacancy formation at the free surface 
of the contact metallization. Preliminary data Indicating the 
effectiveness of a TIN diffusion barrier In preventing the effect 
are also given. Author 


N82-32853*ji^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

DETERMINATION OF OPTIMUM SUNLIGHT CONCENTRATION 
LEVEL IN SPACE FOR 3-4 CASCADE SOLAR CELLS 
Henry B. Curtis 1982 14 p refs Presented at the 3rd European 
Symp. on Photovoltaic Generators in Space, Bath, Engl., 4-6 May 
1982; sponsored by RAE and ESA 

(NASA-TM-82899; E-1282; NAS 1.15:82899) Avail: NTIS 
HC A02/MF A01 CSCL 10A 

The optimum range of concentration in space for lll-V cascade 
cells has been calculated using a realistic solar ceil diode equation. 
Temperature was varied with concentration using several models 
and ranged from 55 deg at one sun to between 80 deg and 
200 deg C at 100 suns. A yarlehy of series resistance and internal 
resistances were used. Coefficients of the diffusion and recombina- 
tion terms are strongly temperature dependent. The study indicates 
that the maximum efficiency of 30 percent occurs In the 60 to 
100 X sun concentration range provided series resistance Is below 
0.015 ohm sq cm and cell temperature Is about 80 C at 100 
suns. Author 


N82-32854*^ Natlonar Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

LARGE AREA LOW-COST SPACE SOLAR CELL DEVELOP- 
MENT 

C. R. Baraona and J. L. Cloni (NASA. Johnson Space Center, 
Houston, Tex.) 1982 9 p refs Presented at the 3rd European 
Symp. on Photovoltaic Generators In Space, Bath, Engl., 4-6 May, 
1982; sponsored by RAE and ESA 

(NASA-TM-82902; E-1285; NAS 1.15:82902) Avail: NTIS 
HC A02/MF A01 CSCL 10A 

r\ development program to produce large-area (5.9 x 5,9 cm) 
space quality silicon solar ceils with a cost goal of 30 $/watt Is 
described. Five cell types under Investigation Include wraparound 
dielectric, mechanical wraparound and conventional contact 
configurations with combinations of 2 or 10 ohm-cm resistivity, 
back surface reflectors and/or fields, and diffused or ion implanted 
junctions. A single step process to cut cell and cover-glass 
simultaneously is being developed. A description of ceil develop- 
ments by Applied Solar Energy Corp., Spectrolab and Spire Is 
Included. Results are given for cell and array tests, performed by 
Lockheed, TRW and NASA. Future large solar arrays that might 
use cells of this type are discussed. Author 


N82-33026# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

DESIGN DESCRIPTION OF THE TANQAYE VILLAGE PHOTO- 
VOLTAIC POWER SYSTEM 

James E. Martz and Anthony F. Ratajczak Jun. 1982 113 p 
refs 

(NASA-TM-82917; E-1305; NAS 1.15:02917) Avail: NTIS 
HC A06/MF A01 CSCL10A 
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The engineering design of a stand alone photovoltaic (PV) 
powered grain mill and water pump for the village of Tangaye, 
Upper Volta Is described. The socioeconomic effects of reducing 
the time required by women in rural areas for drawing water and 
grinding grain were studied. The suitability of photovoltaic technol- 
ogy for use in rural areas by people of limited technical training 
was demonstrated. The PV system consists of a 1.8-kW (peak) 
solar cell array^ 540 ampere hours of battery storagoi Instrumenta- 
tion, automatic controls, and a data collection and storage system. 
The PV system is situated near an Improved village well and 
supplies d.c. power to a grain mill and a water pump. The array Is 
located In a fenced area and the mill, battery, Instruments, controls, 
and data system are In a milt building. A water storage tank is 
located near th? ■^ell. The system employs automatic controls 
which provide batteiy charge regulation and system over and under 
voltage protection. This report Includes descriptions of the 
engineering design of the system and of the load that It serves; a 
discussion of PV array and battery sizing methodology; descriptions 
of the mechanical and electrical designs including the array, battery, 
controls, and Instrumentation; and a discussion of the safety 
features. The system became operational on March 1, 1979. 

Author 


N82-33829*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

ON THE ROAD PERFORMANCE TESTS OF ELECTRIC TEST 
VEHICLE FOR CORRELATION WITH ROAD LOAD SIMULATOR 
Final Report 

Miles 0. Dustin and Ralph J. Slavik Aug. 1982 27 p refs 
(Contract DE-AI01-77CS-51044) 

(NASA-TM-82900; E-1283; DOE/ NASA/51 044-25; NAS 
1.15182900) Avail: NTIS HC A03/MF A01 CSCL 13F 

A dynamometer (road load simulator) /e used to tost and 
evaluate electric vehicle propulsion systems. To improve correlation 
between system 'tests on the road load simulator and on the 
road, similar performance tests are conducted using the same 
i/ehicle. The results of track tests on the electric propulsion system 
test vehicle are described. The tests include range at constant 
npeeds and over SAE J227a driving cycles, maximum accelerations, 
maximum gradabiiity, and tire rolling resistance determination. Road 
power requirements and energy consumption were also determined 
from coast down tests. S.L 


N82-33830*# National Aeronautics and Space Adminlstraticri. 
Lewis Research Center, Cleveland, Ohio. 

THEORETICAL AND EXPERIMENTAL POWER FROM LARGE 
HORIZONTAL-AXIS WIND TURBINES 

Larry A. Vlterna and David C. Janetzke Sep i982 21 p refs 
Presented at the 5th Biennial Conf. and Workshop on Wind Energy, 
Washington D.C., 5-7 Oct. 1981 
(Contract DE-A101 -76ET-20320) 

(NASA-TM-02944; E-1346; DOE/NASA/20320-41; NAS 
1.15;82944) Avail: NTIS HC A02/MF A01 CSCL 10A 

A method for calculating the output power from large horizontal- 
axis wind turbines is presented. Modifications to the airfoil 
characteristics and the momentum portion of classical blade 
element-momentum theory are qiven that improve correlation with 
measured data. Improvement Is particularly evident at low tip-speed 
ratios where aerodynamic stall can occur as the blade experiences 
high angles of attack. Output power calculated using the modified 
theory Is compared with measured data for several large wind 
turbines, These wind turbines range In size from the DOE/NASA 
100 kW Mod-0 (38 m rotor diameter) to the 2000 kW Mod-1 
(61 m rotor diameter). The calculated results are in good agreement 
with measured data from these machines. Author 


A82-11774 * a NASA prep ototype redox storage system for 
8 photovoltaic stand-alone application. N. H. Hagedorn (NASA. 
Lewis Research Center. Cleveland, OH). In: Intersociety Energy 
Conversion Engineering Conference, 16th, Atlanta, GA, August 9-14, 
1981, Proceedings. Volume 1. (A82-1 1701 02-44) New York, Ameri- 
can Society of Mechanical Engineers, 1981, p. 805-81 1. 
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A 1-kW preprototype redox storage system that has undergone 
characterization tests and been operated as the storage device for a 
5-kW (peak) photovoltaic array Is described and performance data 
are presented. Loss mechanisms are discussed, and simple design 
changes leading to appreciable increases In efficiency are suggested. 
The effects on system performance of nonequilibrium between the 
predominant species of complexed chromic Ion in the negative 
electrode reactant solution are summarized. It i;^ noted that with the 
aid of the prototype system, control concepts have been shown to be 
valid and trouble free and some insight has been gained Into 
interactions at the mutual interfaces of the redox system, the 
photovoltaic array, the load, and the control devices. C,R, 


A82-44942 * Advances In high output voltaga silicon solar cells. R. A. 

Arndt, A. Meulenberg. J. F. Allison (COMSAT Laboratories, Clarksburg, MD), and 
V, G, Welzer (NASA, Lewis Research Center, Cleveland, OH). In: Photovoltaic 
Specialists Conference, 15th, Kissimmee, FL, May 12-15, 1981, Conference 
Record. (A82-44928 23-44) New York, Institute of Electrical and Electronics 
Engineers, Inc., 1981 , p. 92-96. 14 refs. Research sponsored by the Communica- 
tion Satellite Corp,: Contract No. NAS3-21227. 

Solar cells have been fabricated from 0.1 ohm-cm, p-type silicon by means of 
a two-step diffusion process of emitter formation in order to delineate the factors 
limiting V(oc) in conventionally structured celts with the goal of achieving 700 mV, 
The cells are 200 microns thick and 2 x 2 cm In area with a planar front surface 
that has an anti-reflection coating of tantalum oxide, as well as Cr-Au-Ag contact 
metallization on both sides of the ceil. The Cr-Au-Ag is applied over an aluminum 
diffused layer on the back, while It Is applied through small holes the anti- 
reflection coating on the front. Results show that the best of these cells exhibits 
an open-circuit voltage of 654 mV under AMO Illumination. N.B. 


A82-44944 * Thin foil ■Hlcon solar calls with coplsnsr back contacts. 

F. Ho, P. A. lies (Applied Solar Energy Corp., City of Industry, CA), and C. R. 
Baraona (NASA, Lewis Research Center, Cleveland, OH). In: Photovoltaic Spe- 
cialists CoA/erence, 1 5th, Kissimmee, FL, May 12-1 5, 1 881 , ConferencQ Record, 
(A02-44928 23-44) New York, Institute of Electrical and Electronics Engineers, 
lnc„ 1981, p. 102-106. 8 refs. Contract No. NAS3-22228. 

To fabricate 60 microns thick, coplanar back contact (CSC) silicon so«ar cells, 
wraparound junction design was selected and proved to be effective. The pro- 
cess sequence used, the cell design, and the ceil performance <^re described, 
C6C cells with low solar absorptance have shown AMO efficiencies to 1 3%, high 
cells up to 14%; further improvements are projected with predictable optimiza- 
tion. (Author) 


A82-44957 * Fabrication of multijunction high voltage concentrator 
solar cells by integrated circuit technology. G. J. Valeo, V. J. Kapoor (Case 
Western Reserve University, Cleveland, OH), J. C, Evans, Jr., and A.-T. Chal 
(NASA. Lewis Research Center; Case Western Reserve University, Cleveland, 
OH). In; Photovoltaic Specialists Conference, 1 5th, Kissimmee, FL, May 12-15, 
1901, Conference Record, (A82-44928 23-44) New York, Institute of Electrical 
and Electronics Engineers, Inc., 1981, p. 187-192. NASA-supported research, 
Standard integrated circuit technology has been developed for the design and 
fabrication of planar multljunction (PMJ) solar cell chips, Each 1 cm x 1 cm solar 
chip consisted of six n(-i-)/p, back contacted, internally series Interconnected unit 
cells. These high open circuit voltage solar cells were fabricated on 2 ohm-cm, 
p-type 75 microns thick, silicon substrates. A five photomask level process em- 
ploying contact photolithography was used to pattarn for boron diffusions, phor- 
phorus diffusions, and contact metallization. Fabricated devices demonstrated an 
open circuit voltage of 3.6 volts and a short circuit current of 90 mA at 80 AMI 
suns. An equivalent circuit model of the planar multi-junction solar cell was 
developed. (Author) 


A82-45027 * The effects of controls and controllable and storage 
loads on the performance of stand-alone photovoltaic systems. R. C. Cull 
(NASA, Lewis Research Center, Cleveland, OH) and A. H. Eltimsahy (Toledo, 
University, Toledo, OH). In: Photovoltaic Specialists Conference, 15th, Kissim- 
mee, FL, May 12-15, 1981, Conference Record. (A82-44928 23-44) New York, 
Institute of Electrical and Electronics Engineers, Inc., 1981, p. 621-626. NASA- 
supported research. 

Stand-alone photovoltaic systems have been modeled and analyzed from 
sunlight in to consumer product out. By including the consumer product in the 
analysis, concepts such as 'product storage' (a storage tank for water or cold- 
plates for refrigeration) and loads controllable by the system controller have been 
added to the system analysis. From a controls analysis viewpoint, this adds state 
variables to the system. The result is that the system controller can make operat- 
ing control decisions on the energy flow between these various system elements 
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to optimize system performance and reduce system cost. The effects on system 
performance of various control schemes employing these concepts are 
presented. Analysis of water pumping and/or refrigeration systems show possi- 
ble performance Improvements of greater thart 1 5% with the addition of controlla- 
ble loads with product storage. (Author) 


A12-45055 * A theory of the n-i-p elllcon solar cell, C. Goradia {Cleve- 
land State University, Cleveland, OH), I. Weinberg, and C. Baraona (NASA. Lewis 
Research Center, Cleveland, OH). In: Photovoltaic Specialists Conference, 15th, 
Kissimmee, PL, May 12-15, 1901, Conference Record, (A82-44928 23-44) New 
Ycrfe, InstitMta of Electrical and Electronics Engineers, Inc., 1981, p. 055-860. 11 
>efs. <3rant No. NAG3-144, 

A computer model has been developed, based on an analytical theory of the 
high base resistivity BSPn(+){pi)p(+) or p(4*)(nu)n(+) silicon solar cell. The model 
makes very few assumptions and a<yjounts for nonuniform optical generation, 
generation and rocomblnetlon In ths junction space charge region, and bandgap 
narrowing In the heavily doped regions. The paper presents calculated results 
based on this mode! and compares them to available experimental data. Also 
discussed Is radiation damage In high base resistivity n(+)(pl)p(+) space solar 
cells. (Author) 


A82-45325 * 40-KW phoiphorlc add fuel call field test - Project plan. 

R. R. Woods (Gas Research Institute. Chicago, IL) and R. A. Duscha (NASA, 
Lewis Research Center, Cleveland, OH). In: Fuel cells; Technology status and 
applications: Proceedings of the Symposium, Chicago, IL, November 16-18, 
1981. (A82-45317 23-44) Chicago, IL, Institute of Gas Technology, 1982, p. 
215-231. 


N82-1049B*jjf Gllbert/Commonwealth, Reading, Pa. 
MAONETOHYDRODYNAMICS MHD ENGINEERING TEST 
FACILITY ETF 200 WWE POWER PLANT. CONCEPTUAL 
DESIGN ENGINEERING REPORT COER, VOLUME 3: 
COSTS AND SCHEDULES Final Report 
Sep. 1981 61 p 6 Vol. 

(Contracts DEN3-224; DE-AI01-77ET-10769) 

( N A S A -CR- 1 66452- VoI-3: DOE/ NASA/0224- 1 -Vol-3) Avail; 
NTIS HC A04/MF A01 CSCL 10B 

The extimated plant capital cost for a coal fired 200 MWE 
electric generating plant with open cycle magnetobydrodynamics 
Is divided into principal accounts based on Federal Energy 
Regulatory Commlsion account structure. Each principal account 
Is defined and its estimated cost subdivided into identifiable 
and major equipment systems, The cost data sources for compiling 
the estimates, cost parameters, allotments, assumptions, and 
contingencies, are discussed. Uncertainties associated with 
developing thj are quantified to show the confidence level 
acquired. Guideline's established In preparing the estimated 
costs are ihctuded. Based on an overall milestone schedule related 
to conventional power plant scheduling experience and starting 
procurement of MHD components during the pretiminary design 
phase there Is a 6 1 /2-year construction period. The duration 
of the project from start to commercial operation is 79 months. 
The engineering phase of the project Is 4 1/2 years; the 
construction duration following the start of the mai^ power block 
is 37 months. A.R.H. 


N82-10505*# Stirling Thermal Motors, Inc., Ann Arbor, Mich. 

EVALUATION OF THE POTENTIAL OF THE STIRLING 
ENGINE FOR HEAVY DUTY APPLICATION Final Report 

R. J, Meijer and B. Ziph Oct. 1981 62 p refs 
(Contract NAS3-22226) 

(NASA-CR-1 65473} Avail; NTIS HC A04/MF A01 CSCL 
10B 

A 1 50 hp four cylinder heavy duty Stirling engine was 
evaluated. The engine uses a variable stroke power control system, 
swashplete drive and ceramic insulation. The sensitivity of the 
design to engine size and heater temperature is investigated. 
Optimization shows that, with porous ceramics, Indicated 
efficiencies as high as 52% can be achieved. It is shown that 
the gain In engine efficiency becomes insignificant when the 
heater temperature is raised above 200 degrees F. E.A.K. 


N82-10G06*jV DHR, Inc., Washington, D.C. 

MARKET ASSESSMENT OF PHOTOVOLTAIC POWER 
SYSTEMS FOR AGRICULTURAL APPLICATIONS IN 
MEXICO . , , . 

William Steigelmann and Itil Asmon (ARD, Inc.) Jul. 1981 


135 p refs 

(Contracts DEN3-180: DE-AI01-79ET-20486) 
(NASA-CR-166441; DOE/NASA/0180-3) Avail; NTIS 

HC A07/MF AOr CSCL 1QA 

The first year of cost-competitiveness, the market potential, 
and the environment in vvhich PV systems would be marketed 
and employed were examined. Market elements specific to Mexico 
addressed include; (1) useful applications and estimates of the 
potential market for PV systems; (2) power requirements and 
load profiles for applications compatible with PV usage: 
(3) operating and cost characteristics of power systems that 
compete against PV; (4) national development goals In rural 
electrification and rural services, technology programs ar:d 
government policies that Influence the demand for PV in Mexico; 

(5) financing mechanisms and capital available for PV acquisition: 

(6) channels for distribution. Installation and maintenance of PV 

systems; and (7) appropriate methods for conducting business 
in Mexico. A.R.H. 


N82-11846*jil Stonehart Associates. Inc.. Madison. Conn. 

SURVEY ON AGING ON ELECTRODES AND ELECTROCAT- 
ALYSTS IN PHOSPHORIC ACID FUEL CELLS Progreas 
Report 

Paul Stonehart and John Hochmuth Oct, 1981 73 p refs 
(Contract OEN3-176) 

(NASA-CR-165505; DOE/NASA/0176-81/3) Avail; NTIS 
HC A04/MF AOl CSCL 10A 

The processes which contribute to the decay in performance 
of electrodes used in phosphoric acid fuel cell systems are 
discussed. Loss of catalytic surface area, corrosion of the carbon 
support, electrode structure degradation, electrolyte degradation, 
and impurities in the reactant streams are Identified as the major 
areas for concern, J.M.S. 


N82-11646*])! Spire Corp.. Bedford, Mass. 

PROCESSING OF 8IUCON SOLAR CELLS SY ION IMPLAN- 
TATION AND LASER ANNEALING Final Report 

J, A. Minnucci, K. W, Matthei, and A. C. Greenwald Feb. 1981 
78 p refs 

(Contract NAS3-21276) 

(NASA-CR-1 65283; FR-10066) Avail: NTIS 

HC A05/MF AOl CSCL 10A 

Methods to improve the radiation tolerance of silicon cells 
for spacecraft use are described. The major emphasis of the 
program was to reduce the process-induced carbon and oxygen 
impurities in the |unction and base regions of the solar cell, and 
to measure the effect of reduced impurity levels on the 
radiation tolerance of cells. Substrates of 0.1, 1.0 and 10.0 
ohm-cm float-zone material were used as starting material in 
the process sequence, High-dose, low-energy ion implantation 
was used to form the junction in n+p structures. Implant annealing 
was performed by conventional furnace techniques and by pulsed 
laser and pulsed electron beam annealing. Cells were tested for 
radiation tolerance at Spire and NASA-LeRC, After irradiation 
by 1 MeV electrons to a fluence of 10 to the 16th power per 
sq cm. the cells tested at Spire showed no significant process 
induced variations in radiation tolerance. However, for cells 
tested at Lewis to a fluence of 1 0 to the 1 5th power per 
sq cm. ion-implanted celts annealed in vacuum by pulsed electron 
beam cr^isistently showed the best radiation tolerance for all 
cell resistivities. Author 


N82-11S47*/)! Munising Paper Div„ Neenah, Wis. 

DEVELOPMENT OF BATTERY. SEPARATOR COMPOSITES 
Final Report, Oct. 1976 - Nov. 1981 

G««Vije F, Schmidt and Robert E, Weber Nov, 1981 56 p 

refs 

(Contract NAS3-20583) 

(NASA-CR-1 65508} Avail: NTIS He A04/MF AOl CSCL 
IOC 

Improved inorganic-organic separators developed by NASA 
were commercially prepared. A single-ply asbestos substrate was 
developed, as well as alternative substrates based on cellulose 
and on polypropylene fibers. The single-ply asbestos was bound 
with butyl rubber and was functionally superior to the formerly 
used polyphenylene oxide saturated sheet. Commercially prepared 
separators exhibited better measured separator properties than 
the NASA standard. Cycle life In Ni/Zn and Ag/Zn cells was 
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related to substrate, decreasing in the order: asbestos > 
caliulose paper > nonwovan polypropylene. The cycle life of 
sotvant'coated separators was better than aqueous In Nf/Zn calls, 
while aqueous coatings were better in Ag/Zn cells. T.M. 


i\l82*12670*/|l Gilbert/ Commonwealth, Reading, Pa. 

MAQNETOHYDRODYNAMIC8 (MUD) ENGINEERING TEST 
FACILITY (ETF) 200 MWa POWER PLANT, CONCEPTUAL 
DESIGN ENGINEERING REPORT (COER). VOLUME 1; 
EXECUTIVE SUMMARY Final Report 
Sap. 1981 48 p 

(Contracts DEN3-224; DE-AI01-77ET.10769) 

(NASA-Cn- 1 65452-VoM : DOE/ NASA-0224/ 1 -Vol- 1 ) A vail: 
NTIS HC A03/MF A01 CSCL lOB 

Main elements of the design are identified and explained, 
and the rationale behind them was reviewed. Major systems 
and plant facilities are listed and discussed. Construction cost 
and schedule estimates are presented, and the engineering issues 
that should be reexamined are identified. The latest (1980-1981) 
Information from the MHD technology program Is integrated 
with the elements of a conventional steam powsr electric 
generating plant. T.M. 


N82-12671*! Boeing Co., Seattle. Wash. 

TESTING OF SOLAR CELL COVERS AND ENCAPSULANTS 
CONDUCTED IN A SIMULATED SPACE ENVIRONMENT 
Final Report 

D. A. Russell Nov. 1981 267 p 
(Contract NAS3-22222) 

(NASA-CR-1 65475; D180-26590-1) Avail: NTIS 

HC A12/MF A01 CSCL 10A 

The materials included In the evaluation were 0211 micro- 
sheet, FEP-A used as a cover and as an adhesive, DC 93-500 
adhesive, PFA 'hard coat* used as a cover. GE 615/UV-24 used 
as a cover, GR 650 used as a cover, and electrostatically bonded 
7070 glass. The test environments were 1 MeV electron uradiation 
interspersed with thermal cycling. 0.5 MeV proton irradiation 
interspersed with thermal cycling and UV exposure interspersed 
with thermal cycling. Summary data is given describing the 
response of the test materials both visually and electrically to 
the three different environments. T,M, 


NS2-12572*/|f United Technologies Corp., South Windsor, Conn. 
Power Systems Div. 

LOW NO SUB X HEAVY FUEL COMBUSTOR CONCEPT 
PROGRAM Final Report, 23 Oct. 1979 - Jul. 1981 

Paul Russell, George Beal, and Bruce Hinton 15 Oct. 1981 
99 p refs Prepared in cooperation with Pratt and Whitney 
Aircraft, East Hartford, Conn. 

(Contracts DEN3-149; DE-AI01-77ET-131 1 1) 
(NASA-CR-165512; DOE/ NASA/01 49-1 ; QTR-3236) Avail; 
NTIS HC A05/MF A01 CSCL 10B 

A gas turbine technology program to improve and optimize 
the staged rich lean low NOx combustor concept is described. 
Subscale combustor tests to develop the design information for 
optimization of the fuel preparation, rich burn, quick quench, 
and lean burn steps of the combustion process were run. The 
program provides information for the design of high pressure 
full scale gas turbine combustors capable of providing environmen- 
tally clean combustion of minimally of minimally porcessed and 
synthetic fuels. It is concluded that liquid fuel atomization and 
mixing, rich zone stoichiometry, rich zone liner cooling, rich zone 
residence time, and quench zone stoichiometry are important 
considerations in the design and scale up of the rich lean 
combustor. E.A.K. 


N82-''?^73*^ Stonehart Associates, Inc,, Madison, Conn, 

PREPARATION AND EVALUATION OF ADVANCED 
ELECTROCATALYSTS FOR PHOSPHORIC ACID FUEL 
CELLS Quarterly Report 

Paul Stonehart, John Baris. John Hochmuth, and Peter Pagliaro 
30 Sep. 1981 31 p 

(Contracts DEN3-176; DE-AI03-80ET-17088) 
(NASA-CR-165519: DOE/NASA/0176-8 1 /4: QR-7) Avail; 
NTIS HC A03/MF A01 CSCL 10A 

A number of electrocatalvst combinations were prepared and 
charac^^erized. These electrocatalysts were formulated to contain 
platinum combined with transition metal carbide forming elements 


(W. Mo, V) for cathodes and platinum combined with palladium 
for anodes. High resolution electron microscopy was used to 
determine the crystallite size and dispersion of platinum*palladium 
alloy eiectrocatalysts in order to provide analytical support for 
the electrochemical determinations of the particle dispersions. 
An equation was derived which corretates palladium crystallite 
size with electrochemical hydrogen adsorption. Based on 
comparisons of electrocatalyst performances in the presence of 
pure hydrogen and hydrogen containing carbon monoxide, it 
was shown that the apparent poisoning of the electrocatalyst 
by carbon monoxide Is influenced by the electrode structure. 

DOE 


NB2-13606^# Paragon Pacific, Inc., El Segundo, Calif. 
DEVELOPMENT REPORT: AUTOMATIC SY8TEM TE8T AND 
CAUB^^ATION (A8TAC) EQUIPMENT Final Report 
Robert J, Thoren Jut. 1981 25 p ref 
(Contracts DEN3-203; DE-AI01-76ET-20320) 
(NASA-CR-166403; DOE/NASA/0203-1; PPI-3009-4) Avail: 
NTIS HC A02/MF A01 CSCL 10A 

A microcomputer based automatic test system was davelopad 
for the daily performance monitoring of wind energy system 
time domain (WEST) analyzer, The test system consists of a 
microprocessor based controller and hybrid intarface unit which 
ara used for inputing prescribed test signals into all WEST 
subsystems and for monitoring WEST responses to thasa signals. 
Performance Is compared to theoretically correct performance 
lavals calculated off tine on a targe general purpose digital 
computer. Results are displayed on a cathode ray tube or are 
available from a line printer, Excessive drift and/or lack of 
repaatability of the high speed analog sections within WEST is 
easily detected and the malfunctioning hardware Identified using 
this system. E.A.K, 


N82-135C8*]|i Eaton Engineering and Research Center, South- 
field, Mich. 

THE me PROPULSION SYSTEM FOR AN ELECTRIC VEHICLE, 
PHASE 1 Final Report 
Steven Geppert Aug. 1961 307 p refs 
(Contracts DEN3-125; DE-AI01-77CS-61044) 

(NASA-CR- 166480; DOE/NASA/0125-1: ERC-TR-8101) Avail; 
NTIS HC A14/MF A01 CSCL 10B 

A functional prototype of an electric vehicle ac propulsion 
system was built consisting of a 18.65 kW rated ac Induction 
traction motor, pulse width modulated (PWM) transistorized 
inverter, two speed mechanically^ shifted automatic transmission, 
and an overall drive/vehicle ^iontroller. Design developmental 
steps, and test results of indi>;(dual components and the complex 
system on an instrumented test frame are described. Computer 
models were developed for the inverter, motor and a represantativa 
vehicle. A preliminary reliability model and failure modes effects 
analysis are given. E.A.K. 


NS2- 13507*# Case Western Reserve Univ„ Cleveland, Ohio. 

TRANSIENT CATALYTIC COMBUSTOR MODEL Final 
Report 

James S, Tien May 1981 87 p refs 
(Grant NsG-3230; Contract DE-AI01-77CS-51040) 
(NASA-CR-166324: DOE/NASA/3230-1) Avail: NTIS 

HC A05/MF A01 CSCL 10B 

A qUasi-steady gas phase and thermally thin substrate model 
is used to analyze the transient behavior of catalytic monolith 
combustors in fuel lean operation, The combustor response delay 
is due to the substrate thermal ineria. Fast response is favored 
by thin substrate, short catalytic beii length, high combustor 
inlet and final temperatures, and small gas channel diameters. 
The calculated gas and substrate temperature time history at 
different axial positions provides an understanding of how the 
catalytic combustor responds to an upstream condition change. 
The computed results also suggest that the gas residence times 
in the catalytic bed in the after bed space are correlatable with 
the nondimensional combustor response time. The model also 
performs steady state combustion calculations; and the computed 
steady state emission characteristbs show agreement with 
available exoeri mental data in the range of parameters covered. 
A catalytic combustor design for automotive gas turbine engine 
which has reasonably fast response ( < 1 second) and can 
satisfy the emission goals in an acceptable total combustor length 
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Na2*136(MI*|jf Ufo Systems^ Inc., Cleveland, Ohio. 
lENOUIIANCE TEST AND EVALUATION Of ALKALINE 
WATER EUCTROLYSiS CELLS Annual Raport 
X. A. Bufke and F. H. Schubert NoV, 1981 46 p reft 
(Contract NAS3*212a7) 

(NASA-CR-16B424; TR-3V6-16) Avail; NTIS 

HC A03/MF A01 CSCL IOC 

Utilization in the development of multI*HW low orbit power 
systems is discussed. The following technological developments 
of alkaline water electrolysis cells for space power application 
were demonstrated; (1) four 92.9 cm2 single water electrolysis 
cells, two using LSTs advanced anodes and two using ISTs 
super anodes: (2) four single cell endurance test stands for life 
testing of alkaline water electrolyte cells: (3) the solid performance 
of the advanced electrode and 355 K; (4) the breakthrough 
performance of the super electrode; (5) the four single cells for 
over 5.000 hours each significant cell deterioration or cell failure. 
It is concluded that the static feed water electrolysis concept is 
reliable and due to the inherent simplicity of the passive water 
feed mechanism coupled with the use of alkaline electrolyte has 
greater potential for regenerative fuel cell system applications 
than alternative electrolyzers. A rise in cell voltage occur after 
2,000-3.000 hours which was attributed to deflection of the 
polysutfone end plates due to creepage of the thermoplastic. 
More end plate support was added, and the performance of the 
celts was restored to the initial performance level. E.A.K. 


N62-13610*jji Acurex Corp., Mountain View, Calif. Energy 
and Environmental Div. 

DEVELOPMENT OF A HIQH-TEMPERATURE DURABLE 
CATALYST FOR USE IN CATALYTIC COMBUSTORS FOR 
ADVANCED AUTOMOTIVE QAS TURBINE ENGINES Final 
Report 

H. Tong, G. C. Snow. E. K. Chu, R. L S. Chang, M. J. Angwin, 
and S. L Pessagno Sep. 1981 169 p refs 

(Contracts DEN3-83: DE-AI01-77CS-51040) 
(NASA-CR-166398: DOE/ NASA/0083. II Avail; NTIS 

HC A08/MF A01 CSCL 10B 

Durable catalytic reactors for advanced gas turbine engines 
were developed, Objectives were; to evaluate furnace aging as 
a cost effective catalytic reactor screening test, measure reactor 
degradation as a function of furnace aging, demonstrate 

I, 000 hours of combustion durability, and define a catalytic 

reactor system with a high probability of successful integration 
into an automotive gas turbine engine. Fourteen different catalytic 
reactor concepts were evaluated, leading to the selection of one 
for a durability combustion test with diesel fuel for combustion 
conditions. Eight additional catalytic reactors were evaluated and 
one of these was successfully combustion tested on propane 
fuel. This durability reactor used graded cell honeycombs and a 
combination of noble metal and metal oxide catalysts. The reactor 
was catalytically active and structurally sound at the end of the 
durability test. EA.K. 


N82>13511*/jl Westinghouse Research and Development Center, 
Pittsburgh, Pa. 

CELL MODULE AND FUEL CONDITIONER DEVELOPMENT 
Quarterly Report, oUl, ~ Sep. 1981 

D. Q. Hoover, Jr. Oci. 1981 59 p 
(Contracts DEN3.161; DE-AI01.80ET.17088) 

(NASA-CR- 1 65462; DOE/ NASA/01 6 1 «9; 
Rept-81-9D1-MARED-R1) Avail; NTIS HC A04/MF AOl CSCL 
10A 

The results of pretesting and performance testing of Stack 
564 are reported, The design features, progress in fabrication 
and plans for assembly of Stack 600 are given. The status of 
endurance testing of Stack 560 is reported. The design, fabrication, 
test procedures and preliminary tests of the 10 kW double 
counterflow reformer and the reformer test stand are described. 
Results of vendor contacts to define the performance and cost 
of fuel conditioning system components are reported, The results 
of burner tests and continuing development of the 60LTAR 
program are reported. T.M. 


N82.14627*! DHR, Inc., Washington. D.C. 

MARKET ASSESSMENT OF PHOTOVOLTAIC POWER 
SYSTEMS FOR AGRICULTURAL APPLICATIONS IN 
MOROCCO Final Report 

Henry Steingass and (til Asmon (ARD, Inc.) Sep, 1981 157 p 


refs 

(Contract DEN3.180; DE.AI01-79ET.20485) 

(NASA.CR.1 65477: DOE/ NASA/0 180-2: C4100-50) Avail; 
NTIS HC A08/MF AOl CSCL 10A 

Results of a month-long study in Morocco aimed at assessing 
the market potential for stand-alone photovoltaic systems in 
agriculture and rural service applications are presented. The 
following applications, requiring less than 15 kW of power,^ are 
described; Irrigation, cfittle watering, refrigeration, crop processing, 
potable water and educational TV Telecommunications and 
transportation signalling applications, descriptions of power and 
energy use profiles, assessments of business environment, 
government and private sector attitudes towards photovoltaics. 
and financing were also considered. The Moroccari market presents 
both advantages and disadvantages for American PV manufacture 
ers. The principle advantages of the Moroccan market are; a 
limited grid, interest in and present use of PV In communications 
applications, attractive investment incentives, and a stated policy 
favoring American investment. Disadvantages include: lack of 
government incentives for PV use, general unfamitlarity with PV 
technology, high first cost of PV, a well-established market network 
for diesel generators, and difficulty with financing. The market 
for PV in Morocco (1981-1986), will be relatively small, about 
340 kwp. The market for PV is likely to be more favorable In 
telecommuhications, transport signalling and some rural services. 
The primary market appears to be in the public (f.e,, government) 
rather than private sector, due to financial constraints and the 
high price of PV relative to conventional power sector. M.D.K. 


N82-14628*)jf Institute of Gas Technology, Chicago. III. 

STABILIZING PLXTINUM IN PHOSPHORIC ACID FUEL 

CELLS Quartarly Report 

Robert J. Remtck Oct 1981 19 p refs 

(Contracts DEN3-208: 0E.1 101 -80ET-1 7088) 

(NASA-CR-1 65483; DOE/NASA-0208/3; IGT.61051; QR-3) 
CSCL 10A 

A carbon substrate for use in fabricating phosphoric acid 
fuel cell cathodes was modified by catalytic oxidation to stabilize 
the platinum catalyst by retarding the sintering of small platinum 
crystallites. Results of 100-hour operational tests confirmed that 
the rate of platinum surface area loss observed on catalytically 
oxidized supports was less thart that observed with unmodified 
supports of the same starting material. Fuel cell electrodes 
fabricated from Vulcan XC-72R, which was modified by cata- 
lytic in a nitric oxide atmosphere, produced low platium sintering 
rates and high activity for the reduction of oxygen in the phosphoric 
acid environment. N.W. 


N82-14636^|jf General Dynamics/ Convair, San Diego, Calif, 

STUDY OF MULTI-MEGAWATT TECHNOLOGY NEEDS FOR 
PHOTOVOLTAf<C SPACE POWER SYSTEMS, VOLUME 1: 
EXECUTIVE SUMMARY 

D, M. Peterson and R, L. Pleasant 1 Aug. 1981 28 p refs 

2 VoL 

(Contract NAS3-21951) 

(NASA-CR-1 653?.3-Vol-1; Rept-11 1-2401-204) Avail: NTIS 
HC A03/MF AOi CSCL 10A 

Possible missions requiring multimegawatt photovoltaic space 
power systems in the 1990's time frame and associated power 
systern technology needs are examined. The following concepts 
for photovoltaic power approaches are considered: planar arrays, 
coricentfating arrays, hybrid systems using Rankine englr^ss, 
thermophotovoltaic and AC/ DC povyer management approaches, 
battery, fuel cell, flywheel energy storage, and interactions with 
the electrical ion engine injection and stationkeeping system. 
The levels of modularity for efficient, safe, constructable, 
serviceable, and cost effective system design are analyzed, and 
the benefits of alternate approaches developed. Both manned 
tow Earth orbit and unmanned geosynchronous Earth orbit 
applications were examined for technological development. 
Technology developments applicable to power systems which 
appear to have benefits Independent of the absolute power level 
are suggested. M.D.K. 


N82'14637*)jf General Dynamics/ Convair, San Diego, Calif. 

STUDY OF MULTI-MEGAWATT TECHNOLOGY NEEDS FOR 
PHOTOVOLTAIC SPACE POWER SYSTEMS, VOLUME 2 
Final Raport 

D. M. Peterson and R. L. Pleasant 19 Mar. 1961 285 p 


130 original page fs 

nsr /MIAI 


rof» 2 Vol. 

(Contract NAS3-21961I _ ^ 

(NASA-CR‘166323»Vol-2> 0DC-AST^81-019-Vol-2) Avail: 
NTIS HC A13/MF A01 CSCL lOA 

Possible missions requiring multimegawatt photovoltaic space 
power systems In the 1990's time frame and power system 
technology needs associated with those missions are examined. 
Four spedfJt^ task areas were considered; (1) missions requiring 
power in the ?*10 megawatt average power region; (2) alternative 
power systems and component technologies; (31 technology goals 
and sensitivity trades and analyses: and (4) technology recom^ 
mendatlons. Specific concepts for photovoltaic power approaches 
considered were: planar arrayt^ concentrating arrays, hybrid 
systems using Rankine engines, thermophotovojtaic approaches; 
all with various photovoltaic cell component technologies, Various 
AC/ DC power management approaches, and battery^ fuel cell, 
and flywheel energy storage concepts are evaluated, interactions 
with the electrical Ion engine injection and stationkeeping system 
are also considered. M.D.K, 


N02*16627*/|f Bums and Roe, Inc., Woodbury, N. Y, 

MHD OXIDANT INTERMEDIATE TEMPERATURE CERAMIC 
HEATER STUDY Final Report 

A, W. Carlson, 1. L Chait, D. P, Saart, and C, L Marksberry 
Sep, 1981 199 p refs Prepared In cooperation with Fluldyne 

Engineering Corp. 

(Contract DEN3-107; DE»AI01^77ET-10769) 
(NASA^CR-165463; DOE/NASA-0107/3) Avail: NTIS 

HC A09/MF A01 CSCL 10A 

The Use of three types of directly fired ceramic heaters for 
preheating oxygen enriched air to an intermediate temperature 
of 1 144K was Investigated. The three types of ceramic heaters 
are: (1) a fixed bed, periodic flow ceramic brick regenerative 
heater: (2| a ceramic pebble itrgenerative heater, The heater 
design, performance and operating characteristics under condl- 
tions in which the particulate matter is not solidified are evaluated. 
A comparison and overall evaluation of the three types of ceramic 
heaters and temperature range determination at which the 
particulate matter in the MHD exhaust gas is estimated to be a 
dry powder are presented, E.A.K. 


N82-1 6479*1 New Mexico Unlv., Albuquerque, Dept, of 
Electrical and Computer Engineering. 

STUDY OF THE PHOTOVOLTAIC EFFECT IN THIN FILM 
■ARIUM TITANATE Annual Report 
W. W, Grannemann and VIneet S, Dharmadhikari Jan. 1982 
24 p 

(Grant NAG 1-96) 

(NASA-CRO6B081; EE-273(82)NASA-931-1) Avail: NTIS 
HC A02/MF A01 CSCL 10A 

Ferroelectric films of barium titanata were synthasizad on 
silicon and quartz substrates, and the photoelectric effect In the 
structure consisting of metal deposited ferroelectric barium titanate 
film silicori was studied. A photovoltage with polarity that depends 
on the direction of the remanent polarization was observed. The 
deposition of BaTi03 on silicon end fused quartz substrates was 
accomplished by an RF sputtering technique, A aeries of experi- 
ments to study the growth of ferroelectric BaTIOS films on single 
crystal silicon and fused quartz substrates were conducted. The 
ferroelectric character in these films was found on the basis of 
evidence from the polarization electric field hysteresis loops, 
capacitance voltage and capacitance temperature techniques 
and from X-ray diffraction studies. S.L, 


N62-16480*/j( Engelhard Industries, Inc., Edison, NJ. 

DEVELOP AND TEST FUEL CELL POWERED ON-SITE 
INTEGRATED TOTAL ENERGY SYSTEMS. PHASE 3r 
FULL-SCALE POWER PLANT DEVELOPMENT Quarterly 
Progress Report, Feb. - Apr. 1961 

24 Jun. 1981 51 p 

(Contracts DEN3-24T: DE-AI01-80ET-17088) 
(NASA-CR-165328; DOE/NASA/0241-1 : QR-1) Avail: NTIS 
HC A04/MF A01 CSCL lOA 

Progress toward an inlogratrd 5kW power system based 
upon methanol fuel and a phosphoric acid fuel cell operating at 
about 473 K Is described in detail. Description includes test 
results of advanced fuel cell catalysts, a semi-automatic acid 
replenishment system and a completed 6kW methanol/steam 
reformer. Design features of a 6kW fuel cell stack are Included. 


The results of a preliminary system test on a reformar/stick/ 
irivartar combination are reported. An Initial deslgri for a 25 kW 
stack Is prasan^ed, Experimtntal plans are outlined for data 
acquisition nacasiary for design of a 50 kW methanol/ staam 
raformer. Activities related to complete mathematical modelling 
of the Integrated power system, Including wasteheat utilization 
are described. T,M, 


N92»16402*# Energy Research Corp., Danbury, Conn, 

TECHNOLOGY DEVELOPMENT FOR PHOSPHORIC ACID 
FUEL CELL POWER PLANT, PHASE 2 Final Technicgl 
Rtport 

Larry Chrlstnar Dae. 1881 159 p refs 
(CpntracU DEN3-67; DE-AI03-79ET-1 1272) 

(NASA-CR-166425; DOE/NASA/0067-79/7) Avail: NTIS 
HC A08/MF A01 CSCL 10A 

Tht davalopment of matarjels, call c^imponants, and raformars 
for on alta Intagratad anargy systams It describad, rrograss 
Includes: (1) heat-treatment of 25 aq cm, 360 sq cm and 
1200 sq cm cell test hardware was accomplishad, Performinca 
of fuel calls (s Improved by using this materia); (2) electrochemical 
and chamical corrosion rates of heat-treated and as-moldad 
graphita/phenolic resin composites In phosphoric acid warer 
detarminad; (3) three cell, 6 in. x 16 In. stacks operatad for up 
to 10,000 hours and 12 In. x 17 In, Hve call stacks wara taatad 
for 5,000 hours; (4) a three cel) 5 In. X 15 in. stack with 
0.12 mg Pt/sq cm anodes and 0,25 mg Pt/sq cm cathodes 
was operated for 4,500 hours; and (5) an ERC proprietary high 
bubble pressure matrix, MAT-1, was tested for up to 10,000 
hours. A.R.H. 


NB2-16483*|jl Engelhard Industries, lnc„ Edison, NJ. Industries 
Div. 

DEVELOP AND TEST FUEL CELL POWERED ON-SITE 
iNTEuRAiED TOiAt ENERGY SYSTEMS* PHASE 3J 
FU.U-SCALE POWER PLANT DEVELOPMENT Quarteriy 
Report, May • Jul, 1981 
25 Aug. 1981 35 p refs 
(Contracts DEN3-241; DE-AI01-80ET-17088) 
(NASA-CR-16B456; DOE/NASA/0241-2; QR-2) Avail; NTIS 
HC A03/MF AOl CSCL 108 

A schematic and physical layout is given for the 5kW 
integrated system and the development status of individual 
components is described. The results of using a one dimensional 
mathematical model of the 5kW reformer are presented. Plans 
for a single-tube reformer test unit for the acquisition of 
temperature profile data are described, Tentative specifications 
for a 50kW dc to-ac inverter are listed. Performance data are 
given on two 3-celi stacks incorporating semiautomatic add 
replenishment systems and improved electrocatalysts. A qualifica- 
tion test on methanol/steam reforming catalyst T2107RS Is 
reported, including a portion In which the catalyst was deliberately 
poisoned with 800 ppm ethanol in the feed. Author 


NS2-16484*/i( General Electric Co., Cincinnati, Ohio, Aircraft 
Engine Business Group. 

DEMONSTRATION OF CATALYTIC COMBUSTION WITH 
RESIDUAL FUEL Final Report 

W, J. Dodds and E. E, Ekstedt Aug, 1981 106 p refs 

(Contracts DEN3-155; DE-A101-77ET-10350) 

(NASA-CR-1 65369; DOE/ NASA/01 55-1; R81AEG590) Avail: 
NTIS HC AC6/MF AOl CSCL 1 0B 

An experimental program was conducted to demonstrate 
catalytic combustion of a residual fuel oil. Three catalytic reactors, 
including a baseline configuration and two backup configurations 
based on baseline test results, were operated on No. 6 fuel oil. 
All reactors were multielement configurations consisting of ceramic 
honeycomb catalyzed with palladium on stabilized alumina. Stable 
operation on residual o|| was demonstrated with the baseline 
configuration at a reactor inlet temperature of about 825 K 
(1025 F). At low inlet temperature, operation was precluded by 
apparent plugging of the catalytic reactor with residual oil. Reduced 
plugging tendency was demonstrated in the backup reactors by 
increasing the size of the catalyst channels at the reactor inlet, 
but plugging still occurred at inlet temperature below 725 K 
(845 F). Operation at the original design Inlet temperature of 
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589 K (600 F) could not bo demonstrated. Combustion efficiency 
above 99,5% was obtained wUh less than 6% reactor pressure 
drop. Thermally formed NO sub x levels were very low (less 
than 0 6 g NO 2/ kg fupO but nearly 100% conversion of 
fuel-bound nJirogen to NO sub x was obsenred M O K 


NM-ie486*| Ford Motor Co , Dearborn* Mich. 

ADVANCED GAS TURBINE (ACT) POWERTRAIN SYSTEM 
INITIAL DEVELOPMENT REPORT Progreas Report, 
20 May » 24 Sep, 1970 

Aug, 1980 150 p Prepared in cooperation with AtBesearch 

Mfg, Co,, Phoenix. Ariz. 

(Contract DEN3-37) 

|NASA-CR^166130; DOE/ NASA/0037-80/2; 

DDA-ADR.10086I Avalh NTIS HC A07/MF AOl CSCL 10B 
The powertrain consists of a single shaft regenerated gas 
turbine engine utilizing ceramic hot section components, coupled 
to a slit differential gearbox with available variable stator 
torque converter and an available Ford intergral overdrive 
fouf^speed automatic transmission. Predicted fuel economy using 
gasoline fuel over the combined federal driving cycle (CFDC) is 
15.3 km/1, which represents a 59% improvement over the 
spark-ignition-powered baseline vohlcle> Using 0F2 fuel. CFDC 
mileage estimates are 17.43 km/1. Zero to 96.6 km/hr 
acceleration time is 11.9 seconds with a four-second acclera- 
t}on distance of 21,0 The ceramic radial turbine rotor is 
discussed along with the control system for the powertrain, T.M. 


N92-16484*# MT Research Inst,. Chicago. 111. 
INTERNATIONAL MARKET ASSESSMENT OF STAND- 
ALONE PHOTOVOLTAIC POWER SYSTEMS FOR COTTAGE 
INDUSTRY APPLICATIONS Final Report 
Thereae M. Philippi Nov. 1981 290 p refs 
(Contracts DEN3.197; DE.A(01*79iT-20486) 
(NASA-CR-165287; DOE/NASA/0197-1: 1ITRI-J06619) Avail: 
NTIS HC A13/MF AOl CSCL 10B 

The final result of an international assessment of the market 
for stand-alone photovoltaic systems in cottage industry applica- 
tions is reported. Nonindustrialized countries without centrally 
planned economies wore considered. Cottage industries were 
defined as email rural manufacturers, employing less than 
50 people, producing consumer and simple products. The data 
to support this analysis were obtained from secondary and ekpart 
sources In the U.S. and in-country field Investigations of the 
Philippines and Mexico. The near-term market for photovoltalcs 
for rural cottage industry applications appears to be limited to 
demonstration projects and pile'/ progi'ams. based on an in-depth 
study of the nature of cpriage Industry, its lole in the rural 
oconomy, the electric energy requirements of cottage industry, 
and a financial analysis of stand-alone photovoltaic tyttemi es 
compared to their most viable competitor, diesel driven generators. 
Photovoltalcs are shown to be a better long-term option only 
for Very low power requirements. Some of these uses would 
include clay mixers, grinders, centrifuges, lathes, power saws 
and lighting of a workshop. Author 


N82-17603*j{( Gilbert/ Commonwealth, Reading, Pa, 
MAGNETOKYDRODYNAMICS (MHO) ENGINEERING TEST 
FACILITY (ETF) 200 MWe POWER PLANT CONCEPTUAL 
DESIGN ENGINEERING REPORT (CDER) Final Report 

Sep. 1981 593 p refs 
(Contracts DEN3-224; DE-AI01-77ET-10769I 
(NASA-CR-16B452-V0I-5; DOE/NASA/0224-1-Vol-5| Avail: 
NTIS HC A25/MF AOl CSCL 10B 

The reference conceptual design of the magnetohydrodynamlc 
(MHD) Engineering Test Facility (ETF). a prototype 200 MWe 
coal-fired electric generating plant designed to demonstrate the 
commercial feasibility of open cycle MHO. Is summarized. Main 
elements of the design, systems, and plant facilities are Illustrated, 
System design descriptions are included for closed cycle cooling 
water, industrial gas systems, fuel oil, boiler flue gas. coal 
management, seed management, slag management, plant 
industrial waste, fire service water, oxidant supply, MHD power 
train, magnet, heat recovery/seed recovery. Inverter, heating, 
ventillating, and air conditioning, and electrical. N.W. 


N82-17406*# Mathematical Sciences Northwest. Inc.. Ballevua. 
Wash. 

OVERVIEW STUDY OF SPACE POWER TECHNOLOGIES 
POR THE ADVANCED ENERGETICS PROGRAM 

R. Taussig. S. Gross. A. Milinar. M. Neugabauar. W. Phillips. J, 
Powall. E. Schmidt. M. Wolf, and G. Woodcock Oct. 1981 
341 p rafs 

(Contract NAS3-22477) 

(NASA-CR-1 65269; MSNW-1169) Avail; NTIS 

HCA16/MFA01 CSCL 108 

Space power technologies are reviewed to determine the 
state-of-the-art and to Identify advanced dr novel concepts which 
promise large increases In performance. The potential for jneresed 
performance Is judged relative to benchmarks based on technolo- 
gies which have been flight tested, Space power technology 
concepts selected for their potentially high performance are 
prioritized in a list of R & D topical recommendations for the 
NASA program on Advanced Energetics. The technology 
categories studied are solar collection, nuclear power sources, 
energy conversion, energy storage, power transmission, and power 
processing. The emphasis Is On elec;!.ic power generation In space 
for satellite on board electric power, for electric propglsioor or 
for beamed power to spacecraft. Generic mission categories such 
as low Earth orbit missions and geosynchronous orbit missions 
are used to distinguish general requirements placed on the 
performance of power conversion technology Each space power 
technology is judged on its own merits without reference to 
specific missions or power systems. Recommendations include 
31 space power concepts which span the entire collection of 
technology categories studied and represent the cdtical technolo- 
gies needed for higher power, lighter weight, more efficient power 
conversion in space. Author 


NS2-17607^/jl United Technologies Corp,. South Windsor. Conn. 
Power Systems Div. 

ELECTROCHEMICAL ENERGY STORAGE FDR AN OR- 
BATING SPACE STATION 

R. E. Martin Dec, 1981 61 p refs 
(Contract NAS3-2 1293) 

(NASA-CR-1 65436; FCR-3142) Avail: NTIS 

HC A04/MF AOl CSCL IOC 

The system weight of a muiti hundred kilowatt fuel cell 
electrolysis cell energy storage system based upon alkaline 
eiectrochemical celi technology for use In a future orbiting space 
station In low Earth orbit (LEO) was studied. Preliminary system 
conceptual design, fuel cell module performance characteristics, 
subsystem and system weights, and overall system efficiency 
are Identified. The impact of fuel cell module operating tempera- 
ture and efficiency upon energy storage system weight Is 
investigated. The weight of an advanced technology system 
featuring high strength filament wound reactant tanks and a 
fuel cell module employing lightweight graphite electrolyte 
reservoir plates is defined. EA.K. 


NS2-17608*! Eaton Engineering and Research Center, South- 
field. Mich. Engineering and Research Center. 

STRAIGHT AND CHOPPED DC PERFORMANCE DATA FOR 

A RELIANCE EV-250AT MOTOR WITH A GENERAL 

ELECTRIC EV-1 CONTROLLER Final Report 

Paul C. Edie Sep. 1981 58 p 

(Contracts DEN3- 123; DE-AI01-77CS-51044) 

(NASA-CR-1 65447; DOE/ NASA/0 123-3; ERC-TR-8176) Avail: 
NTIS HC A04/MF AOl CSCL 10B 

Straight and chopped DC motor performances for a Reliance 
EV-250AT motor with an EV-1 controller were examined. Effects 
of motor temperature and operating voltage are shown. It is 
found that the maximum motor efficiency is approximately 85% 
at low operating temperatures in the straight DC mode. Chopper 
efficiency is 95% under all operating conditions. For equal speeds, 
the motor operated in the chopped mode develops slightly more 
torque and draws more current than it does in the straight DC 
mode. EA.K. 


N82-17616*| Stonehart Associates, Inc., Madison. Conn. 

PREPARATION AND EVALUATION OF ADVANCED 
ELECTROCATALYSTS FOR PHOSPHORIC ACID FUEL 
CELLS Quarterly Report, Oct. - Dec. 1981 

Paul Stonehart, John Baris, John Hochrnuth. and Peter Pagliaro 
Dec. 1981 44 p 
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(Contract D£N3-176; Contract DE-At03-80ET*17088| 
(NASA.CR.165694; DOE/ NASA/0 176-8 1/5. QR.8) Avail: 
NTIS HC A03/MF AOl CSCL 10A 

Two cooporatwe phenomena are required the development 
of highly efficient porous electrocatalysts: ill is an increase in 
the electrocatalytic activity of the catalyst particle; and (2) is 
the availability of that eloctrocatalyst particle for the electrome- 
chanical reaction. The two processes interact with each other 
so that Improvements in the electrochemical activity must be 
coupled with improvements in the availability of the electrocatalyst 
for reaction. Cost effective and highly reactive electrocatalysts 
were developed. The utilization of the electrocatalyst particles in 
the porous electrode structures was analyzed. It Is shown that 
a large percentage of the eloctrocatalyst In anode structures is 
not utilized. This low utilization translates directly into a noble 
metal cost penalty for the fuel cell, E.A.K» 


N82-16668*# Gilbert/Commonwoalth« Reading, Pa. 
MAGNETOHYDRODYNAMtCS (MHD) ENGINEERING TEST 
FACILITY (ETF) 200 MWe POWER PLANT, CONCEPTUAL 
DESIGN ENGINEERING REPORT (CDER). VOLUME 4 ; 
SUPPLEMENTARY ENGINEERING DATA 
Sep. 1981 548 p refs 
(Contract DEN3-224; DE-AI01-77ET-10769) 
(NASA-CR.165452-Vol-4; DOE/NASA/0224-1-Vol-4) Avail: 
NTIS HC A23/MF A01 CSCL 10B 

The reference conceptual design of the Magnetohydrodynamic 
Engineering Test Facility (ETF), a prototype 200 MWe coal-fired 
electric generating plant designed tp demonstrate the commercial 
feasibility of open cycle MHD is summarized. Main elements of 
the design are Identified and explained, and the rationale behind 
them Is reviewed. Major systems and plant facilities are listed 
and discussed. Construction cost and schedule estimates, and 
Identification of engineering Issues that should be reexamined 
are also given. The latest (1980*1961) information from the 
MHD technolpgy program are Integrated with the elements of a 
conventional steam power electric generating plant. Sup- 
plementary Engineering Data (Issues, Background, Performance 
Assurance Plan, Design Details, System Design Descriptions and 
Related Drawings) Is presented. M.D.K. 


N82*18689'^j{f Applied Solar Energy Corp., Citv of Industry, 
Calif. 

DEVELOPMENT OF THIN WRAPAROU^^D JUNCTION 
SILICON SOLAR CELLS Final Raport, Sap. 1980 - Nov. 
1981 

F. Ho and P. A. lies Nov. 1981 43 p refs 
(Contract NAS3-22228) 

(NASA-CR-1 65570) Avail: NTIS HC A03/MF AOl CSCL 
10A 

The state of the art technologies was applied to fabricate 
50 micro thick 2x4 cm. coplanar back contact (CBC) solar cells 
with AMO efficiency above 12%. A requirement was that the 
cells have low solar absorptance. A wraparound junction (WAJ) 
with wraparound metallization was chosen, This WAJ approach 
avoided the need for very complex fixturing, especially during 
rotation of the cells for providing adequate contacts over dielectric 
edge layers. The contact adhesion to silicon was considered 
better than to an Insulator. It is indicated that shunt resistance 
caused by poor WAJ diode quality, and series resistance from 
the WAJ contact, give good cell performance. The cells developed 
reached 14 percent AMO efficiency (at 25 C), with solar 
absorptance values of 0.73. Space/cell environmental tests were 
performed on these cells and the thin CSC cells performed well. 
The optimized design configuration and process sequence were 
used to make 50 deliverable CBC cells. These cells were ali 
above 12 percent efficiency and had an average efficiency of 
•13 percent. Results of environmental tests (humidity-temperature, 
thermal shock, and contact adherence) are also given, E.A.K. 


N82-18690*/jl United Technologies Corp., South Windsor, Conn. 
Power Systems; Div. 

LOW NO SUBx HEAVY FUEL COMBUSTOR CONCEPT 
PROGRAM. PHASE lAl COAL GAS ADDENDUM Final 
Raport, 29 Jun. - Oct, 1981 

Thomas Rosfjord and Richard Sederquist Jan. 1982 43 p 

refs 

(Contract DEN3-1 49; DE-AI01.77ET131 11) 

(NASA-CR- 165577: D0E/NASA/0149-2: GTR-3932) Avail: 


NTIS HC A03/MF AOl CSCL lOB 

The performance and emissions from • r|ch*|ean combustor 
fired on simulated coal gas fuels were investigated using a 1 2,7*em 
diameter axially-staged burner originally designed for operation 
with high heating value liquid fuels. A simple^ tubular fuel injector 
was substituted for the liquid fuel nozzle; no other combustor 
modifications were made. Four test fuels were studied Including 
three chemically bound nitrogen*froe gas mixtures with higher 
heating values of 88, 227, and 308 kj/mol (103, 258 and 
349 Btu/scO, and a 227 kj/mol (258 Btu/scf) heating value 
doped with ammonia to produce a fuel nitrogen content of 0.5% 
(wt), Stable, ultra-low nitrogen oxide, smoke-free combustion was 
attained for the nitrogen-free fuels. Results with the doped fuel 
indicated that less than 5% conversion of NH3 to nitrogen oxide 
levels below Environmental Protection Agency limits could be 
achieved. In some instances, excessive CO levels were encoun- 
tered. it is shown that use of a burner design employing a less 
fuel-rich primary zone than that found optimum for liquid fuels 
would yield more acceptable CO emissloris. A.R.H. 


N82-1S693*/|f Structural Composites industries. Inc., Azusa, 
Calif, 

DESIGN, EVALUATION, AND FABRICATION OF LOW-COST 
COMPOSITE BLADES FOR INTERMEDIATE-SIZE WIND 
TURBINES Final Report 

Oscar Weingart Sep. 1981 210 p refs 
(Contracts DEN3-100, DE-AI01-79ET-20320) 

(NASA-CR-1 65342; DOE/NASA/OtOO-1l SCI-81S20) Avail; 
NTIS HC A10/MF AOl CSCL 10A 

Low cost approaches for production of 60 ft tong glass 
fiber/ resin composite rotor blades for the MOD-OA wind turbine 
were identified and evaluated. The most cost-effective configura- 
tion was selected for detailed design. Subeloment and subscale 
specimens were fabricated for testing to confirm physical and 
mechanical properties of the composite blade materials, to develop 
and evaluate blade fabrication techniques and processes, and to 
confirm the structural adequacy of the root end joint. Full-scale 
blade tooling was constructed and a partial blade for too) and 
process tryout was built. Then two full scale blades were fabricated 
and delivered to NASA-LeRC for Installation on a MOD-OA wind 
turbine at Clayton, New Mexico for operational testing. Each 
blade was 60 ft. long with 4.5 ft, chord at root end and 2575 lbs 
vyeight including metal hub adapter. The selected blade configura- 
tion was a three cell design constructed using a resin impregnated 
glass fiber tape winding process that "allows rapid wrapping of 
primarily axially oriented fibers onto a tapered mandrel, with 
tapered wall thickness. The ring winder/transverse filament tape 
process combination was used for the first time on this program 
to produce entire rotor blade structures. This approach permitted 
the complete blade to be wound on stationary mandrels, an 
improvement which alleviated some of the tooling and process 
problems encountered on previous composite blade programs. 

Author 


N82-18898*# DHR, Inc., Washington. D.C. 

MARKET ASSESSMENT OF PHOTOVOLTAIC POWER 
SYSTEMS FOR AGRICULTURAL APPLICATIONS IN 
NIGERIA Final Raport 

David Staples, Henry Steingrass, and James Nolfj (ARD, Inc,, 
Burlington, Vt.) Oct. 1981 115 p refs 
(Contracts DEN3-180; 0E-A101-79ET-20485) 

(NASA-CR-1 65511; DOE/ NASA/0 180-4; C4100-50) Avail; 
NTIS HC A06/MF AOl CSCL 10A 

The market potential for stand-alone photovoltaic systems 
in agriculture was studied. Information Is presented on technical 
and economically feasible applications, and assessments of the 
business, government and financial climate for photovoltaic sales, 
(t Is concluded that the market for stand-alone systems will be 
targe because of the availability of captlal and the high pre- 
mium placed on high reliability, low maintence power systems. 
Various specific applications are described, mostiy related to 
agriculture. RJ.F. 


N82- 19669*^ Arizona State Univ., Tempe. 

SOCIOECONOMIC IMPACT OF PHOTOVOLTAIC POWER 
AT SCHUCHUU, ARIZONA Final Raport 

Donald Bahr, Billy G. Garrett, and Carolyn Chrisman Oct. 1 980 
161 p refs 

(Contracts DEN3-50; DE-AI01-79ET- 20485) 
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(NASA.CR-165651; OOF-/ NASA/0050-1) Avail; NTIS 
HC A08/MF AOl CSCt lOA 

The aocial and economic Impact of photovoltaic power on a 
amallr remote native American village is studied. Village history* 
group life* energy use in general* and the use of photovoltaic- 
powered appliances are discussed. No significant impacts due 
to the photovoltaic power system were observed. B J.F, 


N«2-20661*| TRW* Inc.* Redondo Beach* Calif. 
CHOPPER-CONTROLIED DISCHARGE LIFE CYCLING 
STUDIES ON LEAD^ACID BATTERIES Final Report 

Joseph J. KramI and Ernest P Ames Mar. 1982 79 p refs 
Sponsored In part by DOE 
(Contract OEN3-88) 

(NASA-CR065615; NAS 1.26:165615) Avail: NTIS 

HC A05/MF AOl CSCL IOC 

State*oMhe>art 6 volt tead>acid golf car batteries were tested. 
A daily charge/discharge cycling to failure points under various 
chopper controlled pulsed dc and continuous current load 
conditions was undertaken. The cycle life and failure rrodes wore 
investigated for depth of discharge* average current chopper 
frequency* and chopper duty cycle. It is shown that battery life 
is primarily and inversely related to depth of discharge and 
discharge current. Failure mode Is characterized by a gradual 
capacity loss with consistent evidence of cell element aging. 

E.A.K. 


NB2-21 709*1 ECO* Inc,* Cambridge, Mass 

CATHODE CATALYSTS FOR PRIMARY PHOSPHORIC ACID 
FUEL CELLS Fine! Report 

Doc 1981 60 p refs 

(Contracts DEN3-150; DE-AI01-80ET-17088) 

(NASA-CR. 165578; NAS 1.26:165578; 

DOE/NASA/150-81/7) Avail; NTIS HC A04/MF A01 CSCL 
lOA 

Alkylation or carbon Vulcan XC-72* the support carbon* was 
shown to provide the most stable bond type for linking cobalt 
dehydrodibenzo tetraazannulene (CoTAA) to the surface of the 
carton; this result is based on data obtained by cyclic voltammetry* 
pulse voltammetry and by release of 14C from bonded CoTAA. 
Half-cell tests at 100 C in 85% phosphoric acid showed that 
CoTAA bonded to the surface of carbon (Vulcan XC-72) via an 
alkylation procedure is a more active catalyst than is platinum 
based on a factor of two improvement In Tafel slope; dimeric 
CoTAA had catalytic activity equal to platinum. Half-cell tests 
also showed that bonded CoTAA catalysts do not suffer a loss 
m potential when air Is used as a fuel rather than oxygen. 
Commercially available polytetrafluroethylene (PTFE) was shown 
to be unstable in the fuel cel) environment with degradation 
occurring in 2000 hours or less. The PTFE was stressed at 
200 C in concentrated phosphoric acid as well as eiectrochemic- 
ally stressed In 1 50 C concentrated phosphoric acid; the 
surface chemistry of PTFE was observed to change significantly. 
Radiolabeled PTFE was prepared and used to verify that such 
chemical changes also occur in the primary fuel cell environ- 
ment, RJ.F. 


HB2-2\7U*§ ECO* jnc . Cambridge* Mass 

CATHODE CATALYST FOR PRIMARY PHOSPHORIC ACID 

FUEL CELLS Final Report 

Fraser Walsh Dec. 1981 60 p 
(Contract DEN3-1 50; Contract DE-AI01-80ET- 17088) 
{NASA-CR-r65578; DOE/NASA/ 150-81/7; NAS 
126:165578) Avail: NTIS HC A04/MF AOl C6CL 10A 
Three carbon surface functionalization procedures were carried 
out on Vulcan XC-72* the support carbon in the phosphoric 
acid fuel cell. The resulting functionalized carbons were reacted 
with carbon 1 4-)abeled trimethylamine and with carbon 1 4-(abeIed 
dimethylamino tetraazannulene. The release of the carbon 14 
from these bonded carbons was measured Based on the results 
obtained, the alkylation procedure of carbon functionalization was 
identified as providing the most stable bond between the carbon 
surface and the organic electrocatalyst. R.J.F. 


NB2-21713^f Westinghouse Electric Corpi Pittsburgh* Pa* 
Advanced Energy Systems DiV 

CELL MODULE AND FUEL CONDITIONER DEVELOPMENT 
Quar7i^Hv Raport* Oct* • D«c* 1981 

J, M Feret Jan, 1982 51 p 
(Contract DEN3-161. Contract DE-A101-80ET-17088) 
(NASA-CR-165620; DOE/ NASA/01 6 1-9A; NAS 1,26:16562; 
QR.9) Avail; NTIS HC A04/MF AOl CSCL lOA 

The efforts performed to develop a phosphoric add fuel cell 
(PAFC) stack design having a 10 kW power rating for operation 
at higher than atmospheric pressure based on the existing Mark 
I) design configuration are described. The yyork Involves; 
(1) Performance of pertinent functional analysis* trade studies 
and thermodynamic cycle enaiysis for requirements definition artd 
system operating parameter selection purposes^ (2) characteriza- 
tion of fuel cell materials and components, and performance 
testing and evaluation of the repeating electrode components* 
(3) establishment of the state-of-the-art manufacturing technol- 
ogy for ell fuel cell components at Westinghouse and the 
fabricatiori of short stacks of various sites* and l4) devolopmenL 
of a 10 kW PAFC stack design for higher pressure operation 
utilizing Jhe top down systems engineering approach. Author 


N82-22666'^j|f Acurex Corp.* Mountain View* Calif* Energy 
ahd Environment Div. 

COMPUTER MODEL OF CATALYTIC COMBUSTION/ 
STIRLING ENGINE HEATER HEAD FIruil Report 

E. K. Chu May 1981 *186 p ref* 

(Contract DEN3-186; DE-A101-77CS-51040) 

(NASA-CR- 165378; DOE/ NASA/0 186-1; NAS 1*26:165378; 
FR-81-75/EEI Avail; NTIS HC AC9/MF AOl CSCL 108 
The basic Acurex HET code was modified to analyze apedfic 
problems for Stirling engine heater head applications. Specificelly^ 
the code can model: an adiabatic catalytic' monolith reactor* an 
externally cooled catalytic cylindrical reactor/ flat plate reactor* a 
coannular tube radiatively cooled reactor* and a monolithic reactor 
radiating to upstream and downstream heat exchangers* T*M, 


N82-22676*j|f ECO* Inc.* Cambridge* Mass. 

CATHODE CATALYST FOR PRIMARY PHOSPHORIC FUEL 
CELLS Quarterly Report* Jul* - Sep. 1BB0 
Fraser Walsh Sep. 1980 17 p refs 
(Contract DENS- 150) 

(NASA-CR-165198; DOE/NASA/01 60-80/6; NAS 
1.26:165198) Avail: NTIS HC A02/MF AOl CSCL 10A 
Alkylation of Vulcan XC-72 provided the most stable bond 
type for linking CoTAA to the surface of the carbon: this result 
is based on data obtained by cyclic voltammetry, pulse voltam- 
metry and by release of 14C from bonded CoTAA. Half-cell 
tests at 100 C in 85% phosphoric acid showed that CoTAA 
bonded to the surface of carbon (Vulcan XC-72) via an alkyla- 
tion procedure Is a more active catalyst than is platinum based 
on a factor of two Improvement in Tafel slope; dimeric CoTAA 
has catalytic activity equal to platinum. Half-cetl tests also showed 
that bonded CoTAA catalysts do not suffer a loss In potential 
when air Is used as a fuel rather than oxygen. Commercially 
available PTFE was shown to be stable for four months in 
200 C 85% phosphoric acjd based on jack of change |n surface 
weH.ing IR and physical characteristics. When stressed 

electrochemicatly in 150 C 85% phosphoric acid* PTFE also 
showed no changes after one month. Author 


HB2-2277>[>*fl DHR. Inc.* Washington. D.C. 

MARKET ASSESSMENT OF PHOTOVOLTAIC POWE^;! 
SYSTEMS FOR AGRICULTURAL APPLICATIONS IN 
COLOMBIA Final Report 

William Steigelmann and Sergio Neyeioff Nov. 1981 124 p 

refs Presented In cooperation with Associates in Rural 
Development. Inc., Burlington* Vt. 

(Contracts DEN3-180: DE-A101-79ET-20485) 
(NASA-CR-1655,24; DOE/ NASA-01 80/5) Avail: NTIS 

HC A06/MF AOl CSCL 10B 

The market potential for photovoltaic systems in the 
agricultural sector of Colombia Is assessed. Consideration was 
given to over twenty specific livestock production* crop production, 
and rural services applications requiring less than 15 kW of 
power without backup power. Analysis revealed that near-term 
potential exists for photovoltaic technology In applications In coffee 
depulging. cattle watering* rural domestic users, rural water supply 
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anti amalt irriQat)pn« rural ielophopos. rural hoatth posts, anti 
vaccina refrigaration Markai Si?a would bo io the 1200 to 
2500 KWp ranpa m tho 1981 to 86 (imeframo> Poiltiva factors 
influencing the market si/e includo a lack of alactrlca! services* 
poieFi^’ for developing tho Llanos Onentales Torritorv, high fuel 
costi in romote areas, balance of system availability the 
presence of Wealthy land owners, and a large government* 
sponsored contract for photovoltaic (PV)»powered rurcl telephone 
systems The anMcipated oligibilUy of photovoltaic equipment for 
loans would be a further positive factor in market potentiaL 
Important negative factors include relatively inexpensive energy 
in developed locations, reliance on hydropower, lack of familiar* 
ity with PV equipment, a tack of financing, and established foreign 
cornpomlon In PV technology Recowmendatloos to American 
PV manufacturers attempting to develop the Colombian market 
are given. RJ.P. 


N82*23702*j|l Massachusetts Inst of Tech , Cambridge Dept 
of Aeronautics and Astronautics 

REVIEW or ANALYSIS METHODS FOR ROTATINO 
SYSTEMS WITH PERIODIC COEFFICIENTS 

John Dugundji and John IT Wendell tn NASA Lewis Research 
Center Wind Turbine Pyn May 1981 p 16B-172 refs (For 
primary document see N82*?3684 14*44) 

(Orant NsG*3903) 

Avail NTIS HC A18/MF A01 CSCL 10B 

Two of the more common proceduros for analyzing the stability 
and forced response of equations with poriodfc coofflcioms are 
rov^owod tho use of Floquot methods, and the use of multiblado 
coordinate and harmonic balance methods The analysis pro* 
coduros of those periodic coefficient systems ore compared with 
those of tho more familiar constant coefficient systems. Author 


N82*24646^/|f Jot Propulsion Lab.. California Inst, of Tech., 
Pasadena. 

[SU8SY8TEMS DESIGN AND COMPONENT DEVELOP- 
MENT FOR THE PARABOLIC DISH MODULE FOR SOLAR 
THERMAL POWER SYSTEMS] Annual Technical Report 

C. K. Stein 15 Mar. 1982 30 p Prepared in cooperation 

with NASA. Lewis Research Center 
(Contracts NAS7-10; DE-AT04-81AL-16228) 

(NASA-CR-1 68941: DOE/JPL.1060.51; JPL-Pub<82-22* NAS 
1 26:168941) Avail: NTIS HC A03/MF A01 CSCL tOA 
Solar thermal power systorr;^ parabolic dish actlvltios p'o 
summarized. Subsystem deslgiva of concentrators, receivers, 
onglnet. power convertors, and thermal transport are discussed. 
Analyses, tost results, field tests, small community system 
development and tho parabolic dish tost site are also included, 

Author 


NB2*2464B*/jl Engelhard Industrisa, Inc., Edison, N.J. 
DEVELOP AND TEST FUEL CELL POWERED ON-SITE 
INTEGRATED TOTAL ENERGY SYSTEMS: PHASE 3: 

FULL-SCALE POWER PLANT DEVELOPMENT OueFterly 
Report, Aug. • Oct. 1981 
28 Apr. 1982 59 p refs 
(Contracts DEN3*241; DE*Ak <»0ET*17088) 

(NASA-CR-1 65568; DOE/NASA/u241*3; NAS 1.26:165668: 
QR-3) Avail: NTIS HC A04/MF A01 CSCL 10B 

Tho development of a commercially viable and cost-effective 
phoiphorlc acid fuel coll powered oh*slte Integrated energy system 
(OS/(tS) Is doscfibod Tho fuel coll offers energy efficients In 
the range of 36-40% of tho higher heating value of available 
fuels In the form of oloctrlcol energy. In addition, by utilizing 
the thermal energy generated for hooting, ventilailng and 
air-conditioning (HVAC), a fuel coll OS/(ES could provide total 
energy efficiencies in the neighborhood of 80%. Also, the Engelhard 
fuel coll 03/lES offers the Important Incontlvo of replacing 
importod oil with domosiicnlly produced methanol. Including 
coal-derived methanol. T.M. 


N82-24049*| Parsons (Ralph Ml Co., Pasadena, Calif. 

FUEL OUALITY PROCESSING STUDY, VOLUME 1 Final 
Report 

J B, OHara. A, Bela, N. E. Jont'/, H, T. Syvorson, H, W, Klumpo, 
R. E. Kessler, H. T Kotzot, and B. I, Loran Apr. 1981 203 p 
refs 2 Vol 


iContracts DEN3-183. OE-AIOU77ET*13lU) 

(NASA-CR-1 65327*Vol*1; DOE/NASA/01B3-1: NAS 
1 26,165327*Vol*1) Avajh NTIS HC AlO/MF A01 CSCL 
21D 

A fuel quality processing study to provide a data base for 
an Inteiligont tradeoff betweeri advanced turbine techrology enci 
liquid fuel quality, and also, to gulda iN development of 
specifications of future synthetic fuels anticipated for use In tho 
time period 1385 to 2000 is given. Four technical performance 
tests are discussed: on-site pretreatlng, existing refineries to 
upgrade fuels, neW refineries to upgrade fuels, end data evaluation. 
The base case refinery is a modern Midwest refinery processing 

200.000 BpO of a 60/40 domeslic/tmport petroleum crude mix 
Tho synthetic crudes used for upgrading to marketable products 
and turbine fuel are sholo oil end coal liquids Of these syncrudes. 

60.000 BPD are procossod in the existing potroleutt', refinery, 

requiring additional process units and reducing petroleum feed, 
and in a new refinery dosignod for processing each syncrude to 
produce gasoline, distillate fuels, rosld fuels, and turbine fuel, 
JPGs and coke. An extensive collection of synfuol p\/ perties 
and upgrading data was prepared for the application of a linear 
program model to investigate the most economical production 
slate meeting petroleum product specificatioas and turbine fuels 
of various quoliiy grades Technical and economic projections 
were developed for 36 scenarios, based on 4 different crude 
feeds to either modified existing or now refineries oporated in 2 
different modes to produce 7 differing grades of turbine fuels. 
A required product selling price of turbine fuel for each processing 
route was calculated. Procedures and projected economics were 
developed for on-slto troaiment of turbine fuel to meet limitations 
of impurities and omission of poHutams. R.J,F. 


N82-24660*jil Parsons (Ralph M ) Co., Pasadena, Calif. 

FUEL QUALITY/PROCESSING STUDY, VOLUME 2: 
APPENDIX. TASK 1 LITERATURE SURVEY Final Report 
J. B. OHora, A Bela, N. E Jontz, H. W. Klumpo, H. E. Kessler, 

H. T. Kotzot, and B. U Loran Apr. 1981 274 p refs 2 Vol. 
(Contract DEN3-183: DE-AI01-77ET.131 11) 
(NASA.CR.166327*Vol*2: DOE/NASA/0183-1: NAS 

I. 26;165327*Vo|*2) Avail; NTIS HC A12/MF A01 CSCL 
21D 

The results of a litoraturo survey of fuel processing and fuel 
quality are given. Liquid synfuols produced from coal and oil 
shale are discussed Gas turbine fuel prop<frty specifications are 
dUcussed. On*site fuel pretroatmont and omissions from stationary 
gas turbines are discussed Numerous data tables and abstracts 
are given. R.J.F. 


N82-24661*| General Electric Co,, Schenectady, N. Y. Gas 
Turbine Div, ««« 

LOW NOx HEAVY FUEL COMBUSTOR CONCEPT PRO- 
GRAM, PHASE 1 Final Report 
Martin B. Cutrono Oct. 1981 251 p 
(Coniracts DEN3-147; DE.AI01.77ET-1311 1) 

(NASA-CR-1 65449: DOE/ NASA/01 47-1; NAS 1.26:166449) 
Avail: NTIS HC A12/MF A01 CSCL 10B 

Corttbustion tests wore completed with seven concepts, 
including throe rich/loan concepts, throe loan/loan concepts, and 
one catalytic cc’‘’'rbustor concept. Testing was conducted with 
ERBS petrolflu-», distillate, polfoloum residual, and SRC-II 
coal-dorivod ljt,wid fuels over a range of operating conditions for 
the 12:1 pressure ratio General Electric MS7001E heavy-duty 
turbine. Blonds of ERBS and SRC-11 fuels wore used to vary 
vuel properties over a wide range. In addition, pyridine was added 
to tho ERBS and residua! fuels to vary nitrogen level while 
holding other fuel properties constant. Tost results indicate that 
low levels of NOx and fuel-bound nitrogen conversion can be 
achieved with the rich/loan combustor concepts for fuels with 
nitrogen contents up to 1.0% by weight, Multinozzle rjch/laan 
Concept 2 demonstrated dry low Nox emissions within 10-16% 
of the ERA Now Source Performance Standards goals for SRC-II 
fuel, with yields of approximately 15%, while meeting program 
goals for combustion efficiency, pressure drop, and exhaust gas 
temperature profile. Similar, if not superior, potential was 
demonstrated by Concept 3, which is a promising rich/ lean 
combustor design T.M. 
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N82-24686**# Etkio (Howard). Inc., Qellevue, Wash. 

COLLECTION AND DISSEMINATION OF THERMAL 
energy STORAGE SYSTEM INFORMATION FOR THE 
PULP and paper INDUSTRY 

Howard Edde tn Courtesy Associates, Inc. Proc. of the DOE 
Thermal and Chem. Storage Ann. Contractor's Rev. Meeting Mar. 
1981 p 133-136 refe (For primary document see N82-246S2 
15-44) 

(Contrsct DEN3-190) 

Avail; NTIS HC A16/MF AOI CSCL 10A 

The collection and dissemination of thermal energy storage 
(tES) system technology for the pulp and paper Industry with 
the Intent of reducing fossil fuel usage is discussed. The study 
plan is described and a description presented of example TES 
systems. Author 


N82*24725^/j^ Wostinghouso Electric Corp , Concordville. Pa. 

LOW NOx HEAVY FUEL COMBUSTOR CONCEPT PRO- 
GRAM. PHASE 1: COMBUSTION TECHNOLOGY 

GENERATION Final Report 

H. G. Lew, D. R. Carl. G. Vermes, E. A. DeZubay, J. A. SchwJb. 
and D. Prothroe Oct. 1981 143 p refs 
(Contract DEN3-146; DE-AI0U77ET^131 1 1) 
(NASA-CR-165482r DOE/ NASA/0 146-1; NAS 1.26;165482) 
Avail; NTIS HC A07/MF AOI CSCL lOB 

The viability of low emission nitrogen oxide (NOx) gas turbine 
combustors for industrial and utility application. Thirteen different 
concepts wore evolved and most were tested. Acceptable 
performance was demonstrated for four of the combustors using 
ERBS fuel and ultralow NOx emissions were obtained for lean 
catalytic combustion. Residual oil and coal derived liquids 
containing fuel bound nitrogen (FBN) were also used at test 
fuels, and it was shown that staged rich/ loan combustion was 
effective in minimizing the conversion of FBN to NOx. The nch/lean 
concept was tested with both modular and integral combustors. 
While the ceramic lined modular configuration produced the best 
results, the advantages of the alt metal integral burners make 
them candidates for future development. An example of scaling 
the laboratory sized combustor to a 100 MW size engine is 
included in the report as are recommendations for future work, 

Author 


(Contracts DEN3-97; DE-AIO4-0OAL-12726) 

(NASA-CR-165216; OOE/NASA/0097-80/1; NAS 
1.26;166218| Avail: NTIS HC A05/MF AOI CSCL IOC 
Improved catalyzation techniques that included a pretreatment 
of carton substrate and provided normalized carbon surface for 
uniform gold deposition were developed. This permits efficient 
use of different batches of carbon felt materials which' Initially 
vary slgnifi$ai')1ly in their physical and surface chemical properties, 
as well as their electrochemical behavior. Further modification 
of gold impregnation technique gave the best performing 
electrodes. In addition to the linear sweep vottammetry, cyclic 
voltammetry was used to determine the effects of different 
activation procedures on the Cr(3)/Cr(2} Redox and H2 evolution 
reactions. The roles of carbon, gold and lead In the overall Redox 
cycle are Identified. The behavior of the electrodes at both normal 
battery operating potentials and more extreme potentials Is 
discussed preparing efficient and stable electrodes for the energy 
storage battery is implicated. E.A.K. 


N82-27837*/)l Gilbert/ Commonwealth, Reading, Pa. 

MAGNETOHYDRODYNAMiCS (MHD) ENGINEERING TEST 
FACILITY (ETF) 200 MWe POWER PLANT. CONCEPTUAL 
DESIGN ENGINEERING REPORT (COER). VOLUME 2: 
ENGINEERING. VOLUME 3: COSTS ANC SCHEDULES 

Final Report 

Sep. 1981 163 p Volume 3 is included as MF 5 Vol, 
(Contracts DEN3-2I24: DE-AI01-77ET-10769) 
(NASA-CR-165452-VOI-2; NASA-CR-166452-Vot-3; NAS 1.26: 
1 65452- Vol-3; NAS 1.26: 165452-Vol-2; 

DOE/NASA/0224-1) Avail; NTIS HC E08/MF AOI CSCL 
10B 

Engineering design details for the principal systems, system 
operating modes, site facilities, and structures of an engineering 
test facility (ETF) of a 200 MWE power plant are presented. 
The ETF resembles a coal-fired steam power plant in many ways. 
It is analogous to a conventional plant which has had the coal 
combustor replaced with the MHD power train. Most of the 
ETF components are conventional. They cars, however, be sized 
or configured differently or perform iidditional functions from 
those in a convenvlonal coal power plant. The boiler not only 
generates steam, but also performs tho functions of heating the 
MHD oxidant, recovering seed, and cotttroiljng emissions. S.L 


N82-2B636*]i( Detroit Diesel Allison, Indianapolis, Ind, 

LOW NOx HEAVY FUEL COMBUSTOR CONCEPT PROGRAM 
Final Report 

A, S. Novick and D. L. Troth Oct. 1981 206 p refs 
(Contracts DEN3-148: DE-AI01-77ET-1311 1) 
(NASA-CR-165367; NAS 1.26:165367; DDA-EOR-10594; 
DOE/NASA/0148-1) Avail: NTIS HC A10/MF AOI CSCL 
10B 

The development of the technology required to operate &n 
indust^^^i gas turbine combustion system on minimally processed, 
heavy petroleum or residual fuels having high levels of fuel- bound 
nitrogen (FBN) while producing acceptable levels of exhaust 
emissions is discussed. Three combustor concepts were de- 
signed and fabricated. Three fuels were supplied for the combustor 
test demonstrations; a typical middle distillate fuel, a heavy 
residual fuel, and a synthetic coal-derived fuel. The primary concept 
was an air staged, variable- geometry combustor designed to 
produce low emissions from fuels having high levels of FBN. 
This combustor used a long residence time, fuel-rich primary 
combustion zone followed by a quick-quench air mixer to rapidly 
dilute the fuel rich products for the fuel-lean final burnout of 
the fuel. This combustor, called the rich quench lea ^ (RQL) 
co.mbustor. was extensively tested using each fuel over '.ne entire 
power range of the model 570 K engine, Alsc\ a series of 
parameteric tests was conducted to determine th;.' combustor's 
sensitivity to rich-zone equivalence ratio, lean-zone equivalence 
ratio, rich-zone residence time, and overall system pressure drop, 
Minimum nitrogen oxide emissions were measured at 50 to 
55 ppmv at maximum continuous power for all three fuels. Smoke 
was less than a 10 SAE smoke number. M.G. 


N82-2S640*|(f Giner, Inc., Waltham, Mass. 

REQUIREMENTS FOR OPTIMIZATION OF ELECTRODES 
AND ELECTROLYTE FOR THE IRON/CHROMIUM REDOX 
FLOW CELL Final Report 

Vinod Jalan, Herbert Stark, and Jose Ginei' Sep. 1981 82 p 

refs 


N82-29718*j|/ Institute of GaS Technology, Chicago, Ilf. 
Eneinooring Research Div. 

STABILIZING PLATINUM IN PHOSPHORIC ACID FUEL 
CELLS Final Report. Dec. 1980 - Mar. 1982 

Robert J. Remick JuL 1982 47 p refs 
(Contracts DEN3-208: DE-A101-80ET-17088) 

(NASA-CR-1 65606; DOE/ NASA/0208-4; NAS 1.26; 165606; 
Rept-61051) Avail; NTIS HC A03/MF AOI CSCL 10A 

Platinum sintering on phosphoric acid fuel cell cathodes is 
discussed. The cathode of the phosphoric acid fuel cell uses a 
high surface area platinum catalyst dispersed on a conductive 
carbon support to minimize both cathode polarization and 
fabrication costs. During operation, however, the active surface 
area of these ebetrodes decreases, which in turn leads to 
decreased cell performance This loss of active surface area is a 
major factor in the degradation of fuel cell performance oyer 
time. S.L, 


N82-29719*jjI California Univ., Berkeley Legal lnst 

CURRENT LEGAL AND INSTITUTIONAL ISSUES IN THE 
COMMERCIALIZATION OF PHOSPHORIC ACID FUEL 
CELLS Final Report 

John T, Nimmons. Kevin D, Sheehy, Joe! R. Singer, and Tom 
C. Gardner Jan, 1982 238 p refs 
(Grant NAG3-111: Contract DE-AIG1-80ET- 17088) 
(NASA-CR-167867; DOE/NASA/011M; NAS 1.26:167867) 
Avail: NTIS HCA11/MFA01 CSCLIOA 

Legal and institutional factors affecting the development and 
commercial diffusion of phosphoric acid fuel cells are assessed. 
Issues for future research and action are suggested. Perceived 
barriers and potential opportunities for fuel cells in central and 
dispersed utility operations and on-site applications are reviewed, 
as well as the general concept of commercialization as applied 
to emerging energy technologies. Authcf 
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sawflcT «s a unit, In this way^ the cost of the coverglass is 
reduced, since the tolerance on glass size }s relaxed, and costly 
coverglass/coll alignment procedurtts are eliminated. Adhesive 
investigaten Wore EVA. FEP*Toflon sheet and DC 93-500, Details 
of procossiiig and results are reported. B.W. 


N82-29720’# DHR. Inc . Washington, D C 
APPLICATION OF PHOTOVOLTAIC EtECTRiC POWER TO 
THE RURAL, EDUCATION/COMMUNtCATION NEEDS OP 
DEVELOPING COUNTRIES Final Report 

Anil Cdbraai, David Delansanta. and George Burriil Ju|. 1982 
61 p ref Prepared in cooperation with Associates in Rural 
Development. Inc,, Burlington. Vt. Sponsored in part by Agency 
for international Development 
{Contract DEN3-248) 

(NASA-CR-1 67894; NAS 1.26:167894) Avail: NTIS 

HC A04/MF A01 CSCL 10B 

The suitability (i e . cost competitiveness and reliability) of 
photovoltaic (PV) power systems for rural applications in 
developing countries is considered. PotenUa) application sectors 
include health delivery, education and communication where small 
amounts of etecirlciiy are needed to meet critical needs. Author 


N 82-2972 Aerospace Corp . El Sogundo, Calif 

ENVIRONMENTAL ASSESSMENT OF THE 40 KILOWATT 
FUEL CELL SYSTEM FIELD TEST OPERATION Final 
Report 

Gary Bollonbacher May 1982 160 p refs 
(Contract DE-A1 01 -80EM 7088; NASA Order C-4270 ID) 
(00E/NASA/270V-1. NASA-CR-1 67923) Avail: NTIS 

HC A08/MF A01 CSCL lOA 

This environmental assessment examines the potential 
environmental consequences, both adverse and beneficial, of the 
40 kW fuel cell system system field test operation The assessment 
IS of necessity generic in nature since actual test sites were not 
selected. This assessment provides the basis for determining the 
need for an environmental impact statement. In addition, this 
assessment provides siting criteria to avoid or minimize negative 
environmental impacts and standards for determining candidate 
test sites, if any, for which site specific assessments may be 
required S L, 


N82-30705*# Engelhard Industries, Inc., Edison, N.J, 
DEVELOPMENT AND TEST FUEL CELL POWERED ON-SITE 
INTEGRATED TOTAL ENERGY SYSTEMS, PHASE 3; 
FULL-SCALE POWER PLANT DEVELOPMENT Quarterly 
Report. Nov. 1981 • Jen. 1982 
A. Kaufman 21 Jun. 1982 61 p refs 
(Contracts DEN3-24T. DE-A I01-80ET-17088) 
(NASA-CR-167898: DOE/NASA/0241-4; NAS 1,26:167898: 
QR-4) Avail; NTIS HC A04/MF AOl CSCL 10B 

The on-site system application analysis is summarized. 
Preparations were completed for the first test of a full-sized 
single cell. Emphasis of the methanol fuel processor development 
program shifted toward the use of commercial shell-and-tube 
heat exchangers. An improved method for predicting the 
carbon-monoxide tolerance of anode catalysts is described. Other 
stack support areas reported Include improved ABA bipolar plate 
bonding technology, improved electrical measurement techniques 
fo/ specification-testing of stack components, and anodic corrosion 
behavior of carbon matoriats. Author 


N82-30706‘^# Spire Corp.. Bedford, Mass, 

DEVELOPMENT OF A LARGE AREA SPACE SOLAR CELL 
ASSEMBLY Final Report. Jut. 1981 - Mar. 1982 

M. B. Spitzer May 1982 65 p refs 
(Contract NAS3-22236) 

(NASA-CR-1 67929: NAS 1.26:167929: FR-10081) Avail: 
NTIS HC A04/MF AOl CSCL 10A 

The development of a largo area high efficiency solar cell 
assembly Is described. The assembly consists of an Ion implanted 
silicon solar cell and glass cover. The important attributes of 
fabrication are the use of a back surface field which is compatible 
with a back surface reflector, and integration of coverglass 
application and cell fabrications. Cell development experiments 
concerned optimization of Ton lmp|anta*i^«>n processing of 
2 ohm-cm boron-doped silicon. Process parai^^eters were selected 
based on these experiments and cells with area of 34.3 sq cm 
wre fabricated. The average AMO efficiency of the twenty-five 
best cells was 13.9% and the best bell had an efficiency of 
14,4%, An important innovation in cell encapsulation was also 
developed. In this technique, the coverglass is applied before 
the celt is sawed to final size. The coverglass and cell are then 


NB2-30709*||I Tank'sley (W. L) and Associates, Inc,. Brook 
Park, Ohio, 

VIBRATION ANALYSIS OF THREE GUYED TOWER 
DESIGNS FOR INTERMEDIATE SIZE W|ND TURBINES 

Robert J. Christie Mar, 1982 113 p refs 
(Contract NAS3-21900) 

(NAt VCR-1 65589; DOE/NASA/ 1900-1; NAS 1.26:165609) 
Avail: NTIS HC A06/MF AOl CSCL 10A 

Throe guyed tower designs were analyzed for intermediate 
size wind turbines. The four lowest natural frequencies of vibration 
of the three towers concepts were estimated. A parametric study 
was performed on each tower to determine the effect of varying 
such tower properties as the inertia and stiffness of the tower 
and guys, the inertia values of the nacelle and rotor, and the 
rotational speed of the rotor. Only the two lowest frequencies 
were in a range where they could be excited by the rotor blade 
passing frequencies. There two frequencies could be tuned by 
varying the guy stiffness, the guy attachment point on the tower, 
the tower and mass stiffness, and the nacelle/ rotoV/power train 
masses, Author 


N82-30711'^j(/ ionics, Inc., Watertown, Mass. 

ANION PERMSELECTIVE MEMBRANE Summary Report 

Russell B, Hodgdon and Warren A. Wait? Apr. 1982 75 p 
(Contracts DEN3-204; DE-AI04-80AL- 12726) 

(NASA-CR-1 67872; DOE/ NASA/0204- 1; NAS 1,26:167872) 
Avail; NTIS HC A04/MF AOl CSCL 10A 

The synthesis and fabrication of polymeric anion p-rmselsctiva 
membranes for redox systems are discussed, Variations of the 
prime candidate anion membrane formulation to achieve better 
resistance and/or lower permeability were explored. Processing 
parameters were evaluated to lower cost and fabricate larger 
sizes. The processing techniques to produce more membranes 
per batch were successfully integrated with the fabrication of 
larger membranes Membranes of about 107 cm X 51 cm were 
made in excellent yield. Several measurements were made on 
the larger sample membranes. Among the data developed were 
water transport and transference numbers for these prime 
candidate membranes at 20 C. Other work done on this system 
included characterization of a number of specimens of candidate 
membranes which had been returned alter service lives of up to 
sixteen months. Work with new polymer constituents, with new 
N.P.'s, catalysts and backing fabrics is discussed, Sorrie Work 
was also done to evaluate other proportions of the ingredients 
of the prime candidate system. The adoption of a flow selectivity 
test at elevated temperature was explored. Author 


N82-30712*j^ Westinghouse Research and Development Center, 
Pittsburgh, Pa. 

CELL MODULE AND FUEL CONDITIONER DEVELOPMENT 
Final Report, Oct. 1979 - Jan. 1982 

D, Q. Hoover, Jr. Feb. 1982 393 p 
(Contracts DEN3-T61; DE-AI01-80ET-17088) 

(NASA-CR 165193: DOE/NASA/0161 -10; NAS 1,26:185193: 
WEG-82-901-MARED-R1) Avail: NTIS HC A17/MF AOl CSCL 
lOA 

The phosphoric acid fuol cell module (stack) development 
which culminated In an 80 cell air-cooled stack with separated 
gas cooling and treed cooling plates Is described. The performance 
of the 80 cel) stack was approx. 100 mV per cell higher than 
that attainerf furing phase 1, The components and materials 
performed stably for over 8000 hours in a 5 coll stack. The 
conceptual design of a fuel conditioning system is described. 

Author 


N82-30722'*'/ National Bureau of Standards, Washington, D.C. 
Metallurgy Div, 

NON-NOBLE CATALYSTS AND CATALYST SUPPORTS FOR 
PHOSPHORIC ACID FUEL CELLS Final Report, Oct. 
1979 - Sep. 1981 

A. J. McAlister Sep. 1981 38 p refs 

(NASA Order C-46229-D: Contract DE-A101-80ET-1 7088) 
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(NASA CR*16B289: DOE/NASA/6229-2; NAS 1.26:165289) 
Avail NTIS HC A03/MF A01 CSCL lOA 

Tungsten carbide, which is active (or hydrogen oxidation, js 
CO tolerant and has a hexogona! structure is discussed. Titanium 
carbide is inactive and has a cubic structure. Four different samples 
of the cubic alloys W sub x^lfl sub XC sub 1*y were found to 
be active and CO tolerant. When the activities of these cubic 
alloys are weighted by the reciprocal of the square to those of 
highly forms of WC. They offer important insight Into the nature 
of the active sites on W^C anode catalysts for use in phosphoric 
acid fuel celts. EAK. 


N82-32855*^f PRC Systems Sciences Co,. Tucson, Ariz. 

GALLIUM ARSENIDE SOLAR ARRAY SUBSYSTEM STUDY 
Final Report, Jan. 1981 - Feb. 1982 

F, Q, Miller Feb. 1982 221 p refs 
(Contract NAS3-22667) 

(N AS A-CR-1 67869; NAS 1.26:167869) Avail: NTIS 

HC A10/MF A01 CSCL 10A 

The effects on life cycle costs of a number of technology 
areas are examined for a gallium arsenide space solar array. Four 
specific configurations were addressed: (1) a 250 KWe LEO mission 
- planer array; (2) a 260 KWe LEO mission - with concentration; 
(3) a 50 KWe GEO mission planer array; (4) a 50 KWe GEO 
mission - with concentration. For each configuration, a baseline 
system conceptual design was developed and the life cycle costs 
estimated In detail. The baseline system requirements and design 
technologies were then varied and their relationships to life cycle 
costs quantified. For example, the thermal characteristics of the 
baseline design are determined by the array materials and masses. 
The thermal characteristics in turn determine configuration, 
performance, and hence life cycle costs, Author 


N82-32856*# Westinghouse Electric Corp„ Madison, Pa. Synthe- 
tic Fuels Djv. 

LOW AND MEDIUM HEATING VALUE COAL GAS CATALYTIC 
COMBUSTOR CHARACTERIZATION 

John A. Schwab Nov. 1982 137 p refs 
(Contracts DEN3-277; DE-AI01-77ET-10350) 

(NASA-CR-1 65560; DOE/NASA/0277-1; NAS 1. 26:165560) Avail: 
NTIS HC A07/MF A01 CSCL 10B 

Catalytic combustion with both low and medium heating value 
coal gases obtained from an oper?ktlng gasifier was demonstrated 
A practical operating range for efficient operation was determined, 
and also to Identify potential problem areas were Identified for 
consideration during stationary gas turbine engine design, the test 
rig consists of fuel Injectors, a fuel-air premixing section, a catalytic 
reactor with thermocouple instrumentation and a single point, water 
cooled sample probe. The test rig Included Inlet and outlet transition 
pieces and was designed for Installation Into an existing test loop. 

S.L 


N82-33827*# Solar Turbines International, San Diego, Calif. 

LOW NOx HEAVY FUEL COMBUSTOR CONCEPT PROGRAM 
Final Report 

David J. White, Richard T. LeCren, and Anthony P. BatAkIs Nov. 
1981 93 p refs 

(Contracts DEN3-145; DE-AI01-77ET-13111) 

(NASA-CR-1 65481; DOE/NASA/0145-1; NAS 1.26:165481; 
SR81-R-4761-21) Avail: NTIS HC A05/MF A01 CSCL 1 0B 
A total of twelve low NOx combustor configurations, embodying 
three different combustion concepts, were designed and fabricated 
as modular units. These configurations were evaluated experimen- 
tally for exhaust emission levels and for mechanical integrity. 
Emissions data were obtained In depth on two of the configura- 
tions. R.J.F. 


A82-11712 * a Direct conversion of light to radio frequency 

energy. J. W. Freeman and S, Simons (Rice University, Houston, 
TX). In: Intersociety Energy Conversion Engineering Conference, 
16th, Atlanta, GA, August 9-14, 1981, Proceedings, Volume 1, 
(A82-1 1701 02-44) New York, American Society of Mechanical 


Engineers, 1981, p. 95, 96. Research supported by the Brown 
Foundation of Houston,* Grant No. NAG3-29. 

A description Is presented of the test results obtained with the 
latest models of the phototron. The phototron was conceived as a 
replacement for the high voltage solar cell-high power klystron 
combination for the solar povyer satellite concept. Physically, the 
phototron Is a cylindrical evacuated glass tube with a photocathode, 
two grids, and a reflector electrode In a planar configuration. The 
phototion can be operated either In a biased mode where a low 
voltage Is used to accelerate the electron beam produced by the 
photocathode or In an unbiased mode referred to as self-osclllatlon. 
The device is easily modulated by light input or voltage to broadcast 
In AM or FM. The range of operation of the present test modo! 
phototrons is from 2 to 200 MHz. G.R. 


A82-11816 * Characteristic dynam’ii energy equations for 
Stirling cycle analysis. V. H. Larson (Cleveland State University, 
Cleveland, OH). In; Intersociety Energy Conversion Engineering 
Conference, 16th, Atlanta, GA, August 9-14, 1981, Proceedings. 
Volume 2. (A82-11701 02-44) New York, American Society of 
Mechanical Engineers, 1981, p. 1942-1947. 12 refs. Grant No. 
NsG-3257. 


A82-24695 * An assessment of alternative fuel cell designs 

for residential and commercial cogeneration. R. A. Wakefield 
(Mathtech, Inc., Washington, DC). In: The 1980*s - A forest of 
energy decision trees: Proceedings of the Region Six Conference, San 
Diego, CA. February 20-22, 1980. (A82-24683 10-44) New York, 
Institute of Electrical and Electronics Engineers, Inc., 1980, p, 
160-165. Research sponsored by the U.S. Department of Energy; 
Contract No. DEN3-89. 

A comparative assessment of three fuel cell systems for 
application in different buildings and geographic locations Is pre- 
sented. The suxJy was performed at the NASA Lewis Center and 
comprised the fuel cell design, performance in different conditions, 
and the economic parameters. Applications in multifamily housing, 
stores and hospitals were considered^ with a load of 10kW-1 MW. 
Designs were traced through system sizing, simulation/evaluation, 
and reliability analysis, and a computer simulation based on a 
fourth-order representation of a generalized system was performed. 
The cells were all phosphoric add type cells, and were found to be 
incompatible with gas/electric systems and more favorable economi- 
cally than the gas/electric systems in hospital uses. The methodology 
used provided an optimized energy-use . pattern and minimized 
back-up system turn-on, M.S.K. 


A82-37076 * # Winding for the wind. 0. Weingart (Structural Composites 
Industries, Inc., Azusa, CA). In: Reinforced Plastics/Composites Institute, Annual 
Conference, 37th, Washington, DC, January 11-15, 1982, Preprints. (A82-3708I 
18-24) New York, Society of the Plastics Industry, inc„ 1982 (Session 22-C). 8 
p. 5 refs. Research supported by the U.S. Department of Energy; Contract No. 
DEN3-100, 

The mechanical properties and construction of epoxy-impregnated fiber-glass 
blades for wind turbines are discussed, along with descriptions of blades for the 
Mod OA and Mod 5A WECS and design goals for a 4 kW WECS. Multicell 
structure combined with transverse filament tape wlndif^ reduces tabor and 
material costs, while placing a high percentage of 0 deg fibers spanwlse in the 
blades yields improved strength and elastic properties. The longitudinal, trans- 
verse, and shear modulus are shown to resist stresses exceeding the 50 ib/sq 
ft requirements, with constant stress resistance expected until fatigue failure is 
approached. Regression analysis indicates a fatigue life of 400 million operating 
cycles, The small WECS under prototype development features composite 
blades, nacelle, and tower. Rated at 5.7 kW In a 15 mph wind, the machine 
operates over a speed range of 9-53,9 mph and is expected to produce 16,200 
kWh annually in a 10 mph average wind measured at 30 ft. M.S.K. 
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45 ENVIRONMENT POLLUTION 

Includes alr» noise, thermal and water pollution; environ- 
ment monitoring; and contamination control. 


MS2- 13664*)^ United Air Unes, Inc.. San Francisco. Calif. 
Maintenance Operations Center. 

AN AUTOMATED SYSTEM FOR QLORAL AtMOSFHERIC 
SAMFUNQ USING B‘747 AYRLINERS Final Ra^it 

Ken Q. Lew. Ulf R. C. Gustafsson. and Robert E. Johnson Oct. 
1981 31 p refs 
(Contract NAS3-17867) 

(NASA-CR-165264: UAL-C-80-31-33) Avail: NTIS 

HC A03/MF A01 CSCL 13B 

The global air sampling program utilizes commercial aircraft's 
In scheduled service to measure atmospheric constituents. A 
fully automated system designed for the 747 aircraft is described. 
Airline operational constraints and data and control subsystems 
are treated. The overall program management, system monitoring, 
and data retrieval from four aircraft in global service Is de- 
scribed. E.A.K. 


NB2‘29777*H Gwrett Turbine Engine Co., Phoenix. Ariz 

COMPUTATIONS OF SOOT AND AND NO SUB X EMIS- 
SIONS FROM GAi; TURBINE COMBUSTORS Final Report 

S K. Srivatsa May 1982 300 p refs 
(Contract NAS3-225I2) 

(NASA-CR-1 67930, NAS 1 26:167930. Rept-21 -4309) Avail; 
NTIS HC A13/MF AOl CSCL 13B 

An analytical program was conducted to compute the soot 
and NOx emissions from a combustor and the radiation heat 
transfer to the combustor walls. The program involved the 
formulation of an emission and radiation model and the 
incorporation of this model into the Garrett 3-D Combustor 
Perfomance Computer Prograni. Computations were performed 
for the idle, cruise, and take-off conditions of a JT8D can 
combustor The predicted soot arid NOx emissions and the 
radiation heat transfer to the combustor wails agree reasoriably 
well with the limited experimental data available. Author 


46 GEOPHYSICS 

includes aeronomy; upper and lower atmosphere studies; 
Ionospheric and magnetospheric physics; and geomagne* 
tism. 

For space radiation see 93 Space Radiation. 


Na2-21145*| National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

OZONE AND AIRCRAFT OFERATIONt 
Porter J , Perkins In NASA. Marshall Space Flight Center Proc,: 
5th Ann. Workshop on MeteoroL and Environ. Inputs to Aviation 
Systems Dec. 1981 p 40-44 refs (For primary document see 
N82-21139 12-01) 

AvailJ NTIS HC A07/MF A01 CSCL 04A 


hours, and appears to coexist with the plasma sheet. More consistent 
measurements of the cold Ion population at midnight or at other 
local times would require the biasing of the ion detector with respect 
to the spacecraft, or the controlling of spacecraft potential. A.L.W. 
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A82-37450 * # Aircraft sampling of the sulfate layer ^ear the tropo- 
pause following the eruption of Mount St. Helens. £. A ezberg, D. A. 
Otterson, W. K. Roberts, and L. C. PapathaKos (NASA, Lewis Research Center, 
Cleveland, OH), Journal of Geophysical Research, vol. 87, Apr. 20, 1982, p. 
3123-3127. 9 refs. 

Twenty-three filter sampling flights of the NASA Lewis F-106 aircraft, were 
conducted in the Great Lakes region between June 4 and Dec. 23, 1 980, following 
the major eruption of Mount St. Helens on May 18. The IPC-1478 filters were 
exposed over an altitude range spanning the local tropopause, A filter sample 
exposed above the tropopause on June 5 indicated a sulfate level 50 times the 
baseline measurements, which Is consistent with the trajectory predictions of the 
leading edge of the cloud on its second transit around the earth. Subsequent 
measurements over a period of 7 months revealed the existence of a layer of 
sulfate above the tropopause that decayed to a level of about 4 times previously 
measured background levels by the beginning of August. Concentration of nitrate 
above the tropopause exhibited considerable variability and showed some en- 
hancement compared with previously measured concentration levels. On the 
basis of the null results of X ray fluorescence measurements, there is no evidence 
of ash particle concentrations of greater than 3.4 microns /cu m persisting In the 
layer above the tropopause following the second transit of the cloud. (Author) 


A82-31009 * Field-aligned ion streams in the earth's mid- 

night region. R. C. Olsen (Alabama, University, Huntsville, AL). 
Journal of Geophysical Research, vol, 87, Apr. 1, 1982, p. 
2301-2310. 20 refs. Grant No. NsG-3150; Contract No. NAS8- 
30563. 

Plasma measurements from the University of California at San 
Diego auroral particles experiment on the geosynchronous Applied 
Technology Satellite 6 in the midnight region show that the 
low-energy Ion fluxes (1-100 eV) are field aligned and are well 
characterized as thermal populations (1*10 eV) with a streaming 
velocity of 30-100 km/s along the magnetic field line. The lowest 
energies are found prior to Injections, on quiet days, with an Increase 
of the streaming velocity evident when an injection occurs near the 
satellite. Multiple peaks in the ion distribution functions arc 
attributed to the presence of different Ions species (H/t/, He/+/, 
0/+/, 0/2+/) streaming at similar velocities, both during quiet times 
and as the plasma velocity increases in response to an Injection. 

(Author) 


A82-32630 * The hidden ion population of the magneto- 

sphere. R. C. Olsen (Alabama, University, Huntsville, , Journal of 
Geophysical Research. ^io\. , May 1, 1982, p, 3481-3488. 12 refs. 

Contracts No. NAS5-23481; No. NAS8-33982; No. 
F04701-77-C-0062; Grant No. NsG-3150. 

The presence of a cold Ion population in the magnetosphere 
which is normally hidden from particle detector observation by the 
positive charging of the spacecraft Is reported. Ion and electron data 
were obtained from particle detectors or? the ATS 6 and SCATHA 
satellites designed to measure the 1-eV to 80*keV plasma population. 
The cold, Isotropic ion population, with temperature 1 eV and 
density 10-100/cu cm, was detected only when the spacecraft were 
in eclipse, when spacecraft potential had dropped from +10 V In 
sunlight to +4 to +5 V. The hidden Ion population was found at 
geosynchronous altitude only during geomagnetically quiet times and 
when there has been an absence of geomagnetic activity for several 
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47 METEOROLOGY AND CLIMATOLOGY 

Includes weather forecasting and modification* 


FWG Associates* Inc** Tuttahoma* Tenn* 

DEMON OF PNOTOTYFE CHARGED PARTICLE FOG 
DISPERSAL UNIT final Report 

Frank G. Collins, Walter Frost, and Philip Kessel Washington, 
OX, NASA Dec. 1981 41 p refs 
(Contract NAS3-33641) 

(NASA'CR-3481: M364| Avail: NTIS HC A03/MF A01 CSCL 

04B 

The unit was designed to be easily modified so that certain 
features that influence the output current and particle size 
distribution could be examined. An experimental program was 
designed to measure the performance of the unit. The program 
described Includes measurements In a fog chamber and In the 
field, Features of the nozzle and estimated nozzle characteristics 
are presented, T.M. 


ORIGINAL PAGE tS 
OF POOR QUALITY 


52 AEROSPACE MEDICINE 

Includes physiological facto! s, biological effects of radia- ORIGINAL PAGE IS 

tion; and weightlessness. OF POOR QUALITY 


Ni2«23970*/|f Thermo Electron Corp., Waltham. Mass. 
EVALUATION OF LEFT VENTRICULAR A18I8T DEVICE 
PUMP 8LAODER8 CAST FROM ION-SPUTTERED POLYTET- 
RAFLUORETHYLENE MANDRELS 
Mar. 1982 103 p refs 
(Contract NAS3-22476) 

(NASA-CR- 167904; NAS 1,26:167904; TE200-230-82} Avail: 
NTIS He A06/MF A01 CSCL 06B 

A highly thromboresistapt blood contacting interface for use 
in implanatable blood pump is investigated. Biomaterials mechan- 
ics. dynamics, durability, surface morphology, and chemistry are 
among the critical consideration pertinent to the choice of an 
appropriate blood pump bladder material. The use of transfer 
cast biopoiymers from ion beam textured surfaces Is investigated 
to detect subtle variation? In blood pump suKace morphology 
using Biomer as the biomaterial of choice. The efficacy of ion 
beam sputtering as an acceptable method of fabricating textured 
blood Interfaces is evaluated. Aortic grafts and left ventricular 
assist devices were implanted in claves; the blood interfaces 
were fabricated by transfer casting methods from ion beam 
textured polytetrafluorethylene mandrels. The mandrels ware 
textured by superimposing a IS micron screen mesh! ion 
sputtering conditions were 3CX) volts beam energy. 40 to 50 mA 
beam, and a mandrel to source distance of 25 microns. S.L 


54 MAN/SYSTEM TECHNOLOGY AND 
LIFE SUPPORT 

Includes human engineering; biotechnology; and space 
suits and protective ciothing. 


N82-1 6743*1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

A HYDRODYNAMIC MODEL OF AN OUTER HAIR CELL 
Bo O. Jacobson 1982 14 p refs To be presented at the 

19th Ann. Northeast Bioengr, Conf., Hanover, New Hampshire, 
15-16 Mar, 1982: sponsored by the Thayer School of Engineering 
Dartmouth Med, School, IEEE, ASME. and the American Society 
for Engineering Education 

(NASA-TM-82773; E-1098) Avail: NTIS HC A02/MF AOl 
CSCL 06P 

Orr the model it Is possible to measure the force and the 
force direction for each Individual hair as a function of the flow 
direction and velocity. Measurements were made at the man 
flow velocity 01 m/s, which is equivalent to a flow velocity in 
the real ear of about 1 micrometer/s. The kinematic viscosity 
of the liquid used In the model was 10,000 times higher than 
the viscosity of perilymph to atlsin hydrodynamic equality. Two 
different geometries for the sterocilia pattern were tested. First 
the force distribution for a W*shaped sterocilia pattern Was 
recorded. This is the sterocilia pattern found in all real ears. It 
Is found that the forces acting on the hairs are very regular and 
perpendicular to the legs of the W when the flow is directed 
from the outside of the W. When the flow is reversed, the 
forces are not reversed, but are much more irregular. This can 
eventually explain the half wave rectification of the nerve 
signals. As a second experiment, the force distribution for a 
V-shaped sterocilia pattern was recorded, Here the forces were 
irregular both when the flow was directed into the V and when 
it was directed egainst the edge of the V T.M. 
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N82-19147*! National Aeronautics and Space Administration. 
Lewis Research Center Cleveland, Ohio, 

ENVIRONMENTAL CONTROL SYSTEMS 
Frank Hrach In NASA. Langley Research Center Elec. Flight 
Systems Feb. 1982 p 247-252 (For primary document tee 
N82-19134 10-01) 

Avail; NTIS HC A12/MF A01 CSCL 06K 


A82-13289 * ji Veiling glare reduction methods compared for 
ophthalmic applications. D. R. Buchele (NASA, Lewis Research 
Center, Cleveland, OH). Applied Optjes, Vol. 20, Nov. 1, 1981, p, 
3787-3791. 11 refs. 

Veiling glare in ocular viewing was simulated by viewing the 
retina of an eye model through a sheet of light-scattering materia! lit 
from the front. Four methods of glare reduction were compared, 
namely, optical scanning, polarized light, viewing and illumination 
paths either coaxial or intersecting at the object, and closed circuit 
TV. Photographs show the effect of these methods on visibility, 
polarized light was required to eliminate light specularly reflected 
from the Instrument optics. The greatest glare reduction was 
obtained when the first three methods were utilized together. Glare 
reduction using TV was limited by nonuniform distribution of 
scattered light over the image. (Author) 


59 MATHEMATICAL AND COMPUTER 
SCIENCES (GENERAL) 


Nt2'30949*)f National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

CONSTRUCTION OF SOLUTIONS FOR SOME NONLINEAR 
TWO-POINT BOUNDARY VALUE PROBLEMS 
James A. Penniina 1982 24 p refs Presented at the 30th 
Ann. Meeting of the Soc, for Ind. and Appi. Math,, Stanford, 
Calif., 19-23 Jul. 1982 

(NASA-TM-82937: E-1335, NAS 1,15:82937) Avail: NTIS 
HC A02/MF A01 CSCU 12A 

Constructive existence and uniqueness results for boundary 
value problems associated with some simple special cases of 
the second order equation y" « f(x,y,y*) 0 < or « x < or « 
1 , are sought. The approach considered is to convert the differential 
equation and boundary conditions to an integral equation via 
Green's functions, and then to apply fixed point and contraction 
map principles to a sequence of successive approximations. The 
approach is tested on several applied problems. Difficulties in 
trying to prove general theorems are discussed. M,G. 


original page Iff 
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60 COMPUTER OPERATIONS AND 
HARDWARE 

Includes computer graphics and data processing. 

For components sea 33 Electronics end Elsctrlcsl Eng- 
neering. 


ORIGINAL PAGE IS 
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N82*1674a*| Virginia Polytachnic Inst, and State Univ*i 
Blacksburg. 

MODELING AND ANALYSIS OF POWER PROCESSING 
SYSTEMS (MAPPSK VOLUME 2: APPENDICES Final 
Tachnical Raport. Oct. 1977 - Aug. 19S0 
F. C. Lee, S. Radman, R. A. Carter, C. H. Wu. Yuan Yu (TRW 
Defense and Space Systems Group, Redondo Beach. Calif.), and 
R. Chang (TRW Defense and Space Systems Group, Redondo 
Beach, Calif,) Dec. 1960 210 p refs 
(Contract NAS3-21061) 

(NASA-CR.166539: TRW.32660*600URU^01) Avail: NTIS 
HC A10/MF A01 CSCL 09B 

The computer programs and derivations generated In 
support of the modeling and design optimization program are 
presented. Programs for the buck regulator, boost regulator, and 
buck^boost regulator are described. The computer program for 
the design optimization calculations is presented. Constraints for 
the boost and buck* boost converter were derived. Derivations of 
state-space equations and transfer functions are presented. 
Computer lists for the converters are presented, and the input 
parameters justified. J.D.H. 


NB2*17879*# Case Western Reserve Unlv., Cleveland, Ohio. 

INVESTIGATION AND EVALUATION OF A COMPUTER 
PROGRAM TO MINIMIZE THREE-DIMENSIONAL FUGHT 
TIME TRACKS Finil Repofi, 15 S«p. 1980 - 12 Aug. 1881 
Frederic |. Parke 12 Aug. 1981 150 p 
(Grant NAG3-101) 

(NASA.CR.168419) Avail: NTIS HC A07/MF A01 CSCL 
09B 

The program for the DC 8-03 flight planning was slightly 
modified for the three dimensional flight planning for DC 10 
aircrafts. Several test runs of the modified program over the 
North Atlantic and North America were made for verifying the 
program. While geopotential height and temperature were used 
in a previous program as meteorological data, the modified 
program uses wind direction and speed and temperature received 
from the National Weather Service. A scanning program was 
written to collect required weather information from the raw 
data received in a packed decimal format, Two sets of weather 
data, the 12*hour forecast and 24-hour forecast based on 
0000 GMT, are used for dynamic processes in testruns. In order 
to save computing time or)ly the weather data of the North 
Atlantic and North America is previously stored In a PCF file 
and then scanned one by one. R.J.F, 


N82-17880*/)! Case Western Reserve Univ„ Cleveland, Ohio. 
Dept, of Computer Engineering and Science. 

SHADED COMPUTER GRAPHIC TECHNIQUES FOR 
VISUALIZING AND INTERPRETING ANALYTIC FLUID 
FLOW MODELS Final Report, JuL 197i^ - Jun, 1981 

Frederic I. Parke Jun. 1981 17 p refs 
(Grant NsG-3207) 

(NASA-CR-168418) Avail: NTIS HC A02/MF AOI CSCL 
09B 

Mathematical models which predict the behavior of fluid 
flow in different experiments are simulated using digital computers. 
The simulations predict values of parameters of the fluid flow 
(pressure, temperature and velocity vector) at many points in 
the fluid. Visualization of the spatial variation in the value of 
these parameters is important to comprehend and check the 
data generated, to identify the regions of interest in the flow, 
and for effectively communicating information about the flow to 
others. The state of the art Imaging techniques developed In 
the field of three dimensional shaded computer graphics is applied 
to visualization of fluid flow. Use of an imaging technique known 
as 'SCAN' for visualizing fluid flow, is studied and the results 
are presented. SX. 
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61 COMPUTER PROGRAMMING AND 
SOFTWARE 

Includes computer programs, routines, and algorithms. 

NI2«31971*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

A GENERALIZED MEMORY TEST ALGORITHM 
Edward J. Milner Jul. 1982 11 p refs 
(NASA-TM-82874; E-1250; NAS 1.15:82874) Avail: NTIS 
HCA02/MFA01 CSCL 09B 

A general algorithm for testing digital computer memory Is 
presented. The test checks that (1) every bit can be cleared and 
set in each memory work, and (2) bits are not erroneously cleared 
and/or set elsewhere In memory at the same time. The algorithm 
can be applied to any size memory block and any size memory 
word. It is concise and efficient, requiring the very few cycles 
through memory. For example, a test of 16-blt-word-slze memory 
requries only 384 cycles through memory. Approximately 
15 seconds ware required to test a 32K block of such memory, 
using a microcomputer having a cycle time of 133 nanoseconds. 

Author 


N62«33020*/^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

AUTOMATED PROCEDURE FOR DEVELOPING HYBRID COM* 
PUTER SIMULATIONS OF TURBOFAN ENGINES. PART 1: 
GENERAL DESCRIPTION 

John R. Szuch. Susan M. Krosel. and William M. Bruton Aug. 
1982 120 p refs 

(NASA-TP-1851; E-779; NAS 1.60:1851) Avail: NTIS 

HC A06/MF A01 CSCL 09B 

A systematic, computer-aided, self-documenting methodology 
for developing hybrid computer simulations of turbofan engines is 
presented. The methodology that is pesented makes use of a 
host program that can run on a large digital computer and a 
machine-dependent target (hybrid) program. The host program 
performs all the calculations and data manipulations that are 
needed to transform user-supplied engine design Information to a 
form suitable for the hybrid computer, The host program also 
trims the self-contained engine model to match specified design- 
point information. Part I contains a general discussion of the 
methodology, describes a test case, and presents comparisons 
between hybrid simulation and specified engine performance data. 
Part II, a companion document, contains documentation. In the 
form of computer printouts, for the test case. Author 


Ni2-25810^# Systems Science and Software, San Otago. Calif. 

ADDITIONAL EXTENSIONS TO THE NASCAP COMPUTER 
CODE, VOLUME 1 Contractor Report, 9 Sep. 1SSO - 22 Dec. 

1SS1 

M. J. Mandell. I. Kate, and P. R. Stannard Oct. 1981 246 p 
refs Revised 
{Contract NAS3-2253PJ 

(NASA-Cn-1 67855; NAS 1.26:167855; SSS-R-82-5249-Rev) 
Aval); NTIS HC A11/IVIF A01 CSCL 098 

Extensions and revisions to a computer code that comprehen- 
sively analyzes problems of spacecraft charging (NASCAP) are 
documented. Using a fully three dimensional approach, it cen 
accurately predict spacecraft potentials under b; Variety of 
conditions. Among the extensions are a multiple eiectrr>n/ion 
gun test tank capability, and the ability to nriodel 'anisotropic 
and time dependent space environments. Also documented are 
a greatly extortded MATCHG program and the preliminary version 
of NASCAP/ LEO. The interactive MATCHG code was developed 
into an extremely powerful tool for the study of material- 
environment interactions. The NASCAP/LEO, a three dimensional 
code to study current collection under conditions of high voltages 
and short Debye lengths, was distributed for preliminary testing. 

M.G. 


N92*31968*# SKF Technology Services. King of Prussle, Ft. 
Technology Services Div. 

HIGH BREED CYLINDRICAL ROLLER BEARING ANALYSIS. 
SKF COMPUTER PROGRAM CYGEAN. VOLUME 2: USER'S 
MANUAL Final Report 

Q. J. Dyba and R, J. Kleckner Jun. 1981 147 p refs 
(Contract NAS3-22690) 

(NASA-CR-165364; NAS 1,26:165364: SKF-AT81D049-Vol-2) 
Avail: NTIS HC A07/MF A01 CSCL09B 

CVBEAN (CYiindrical BEaring ANalysis) was created to detail 
radially loaded, aligned and misaligned cylindrical roller bearing 
performance under a variety of operating conditions. Emphasis 
was placed on detailing the effects of high speed, preload and 
system thermal coupling. Roller tilt, skew, radial, circumferential 
and axial displacoment as well as flange contact were consid- 
ered, Variable housing and flexible outK)f*round outer ring geome- 
tries, and both steady state and time transient temperature 
calculations were enabled. The complete range of etastohydrody- 
namic contact considerations, emplo^ng full and partial film 
conditions were treated In the computation of raceway and flange 
contacts. The practical and correct Implementation of CYBEAN is 
discussed. The capability to execute the program at four different 
levels of complexity was Included. In addition, the program was 
updated to property direct roller-to-raceway contact Toad vectors 
automatically in those cases where roller or ring profiles have 
small radii of cunrature. input and output architectures containing 
guidelines for use and two sample executions are detailed. R.J.F. 


N82-31969*# SKF Technology Services, King of Prussia, Pa. 

RESEARCH REPORT: USER'S MANUAL FOR COMPUTER 
PROGRAM AT81TO03 SHABERTH. STEADY STATE AND 
TRANSIENT THERMAL ANALYSIS OF A SHAFT BEARING 
SYSTEM INCLUDING BALL, CYLINDRICAL AND TAPERED 
ROLLER BEARINGS Final Report 

G. B. Hadden, R. J. Kleckner, M. A. Ragen, and L Sheynln May 
1981 254 p refs 
(Contract NAS3-22690) 

(NASA-CR-1 65365; NAS 1.26:165365; SKF-AT81 DO40) Avail; 
NTIS HCA12/MFA01 CSCL09B 

The SHABERTH program Is capable of simulating the thermo- 
mechanical performance of a load support system consisting of a 
flexible shaft supported by up to five rolling element beings. 
Any combination of balL cylindrical, and tapered roller bearings 
can be used to support the shaft. The user can select models in 
calculating lubricant film thickness and traction forces. The 
formulation of the cage pockeL/rotling element interaction model 
was revised to Improve solution numencai convergence characteris- 
«C8. S.L. 


N62-31970*# SKF Technology Services, King of Prussia, Pa. 

RESEARCH REPORT: USER'S MANUAL FOR COMPUTER 
PROGRAM AT81Y005. PLANETSYS, A COMPUTER PROGRAM 
FOR THE STEADY STATE AND TRANSIENT THERMAL ANALY- 
SIS OF A PLANETARY POWER TRANSMISSION SYSTEM Final 
Report 

G. B. Hadden, R. J. Kleckner, M. A. Ragen, G. J. Dyba, and L 
Sheynln May 1981 142 p refs 
(Contract NAS3-22690) 

(NASA-CR-1 65366; NAS 1.26:165366; SKF-AT81D044) Avail: 
NTIS HC A07/MF A01 CSCL 09B 

The material presented Is structured to guide the user in the 
practical and correct Implementation of PLANETSYS which is 
capable of simulating the thermomechanical performance of a 
multistage planetary power transmission. In this version of 
PLANETSYS, the user can select either SKF or NASA models in 
calculating lubricant film thickness and traction forces. Author 
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62 COMPUTER SYSTEMS 

Includes computer networks. 


N62*22i1B^/|f National Aeronautics and Space Administration, 
lewis Research Centen Cleveland. Ohio. 

ADVANCEMENTS iN REAl-TtME ENGINE SIMUlATidN 
TECHNOLOGY 

John R. Szuch 1982 12 p refs To be preiented at the 

18th Joint Propulsion Conf., Cleveland. 21-?3 Jun. 1982 
Sponsored In part by AIAA. SAE and ASMS 
(NASA.TM-82825.* B-U771 NAS 1.16:828X8} Avail: NTIS 
HC A02/MP A01 CSCL21E 

The approaches used to develop reahtime engine simulations 
are reviewed. Both digital and hybrid (analog and digital) 
techniques are discussed and specific examples of each are cited. 
These approaches are assessed from the standpoint of their 
usefulness for digital engine control development. A number of 
NASA>sponsored simulation research activities, aimed at exploring 
realtime simulation techniques, are described. These include the 
development of a microcomputer*based. parallel processor system 
for realtime engine simulation. M.G. 
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63 CYBERNETICS 

Includes feedback and control theory* 

For related Information see also 54 Man/System Technol- 
ogy and Life Support. 


Nt2*30992*# National Aeronautics and Space Administration, 
Lewis Research Center* Cieveland* Ohio, 

AESOP: A COMPUTER-AIDED DESIGN PROGRAM FOR 
LINEAR MULTIVARlAiLE CONTROL SYSTEMS 
Bruce Lehtinen and Lucille C, Geyser 1982 7 p ref Presented 
at the Am. Control Conf . Arlington, Va.* 14-16 Jun, 1902 
(NASA-TM-82871; E-1246?. NAS U5;82871) Avail: NTIS 
HC A02/MF A01 CSCL 09|i 

An interactive computer program (AESOP) which solves 
quadratic optimal control and is discussed. The program can 
also be used to perform system analysis calculations such as 
transient and frequency responses, controllability, observability* 
etc,, in support of the control and filter design computations, 

M.G, 


A82-13143* Modal degradation affects on sensor failure 

detection. G. G. Leininger (Purdue University, West Lafayette, INI, 
In: Joint Automatic Control Conference, Charlottesville, VA, June 
17-19, 1981, Proceedings. Volume 2. (A82-1 3076 03*63) New York, 
American Institute of Chemical Engineers, 1981. 8 p. (FP-3A), 11 
refs, Grants No. NsG*3l7l; No. NsG-317; No. NsG-3084. 

This paper discusses the effects of imperfect niodellng on the 
detection and isolation of sensor failures, For systems with non*zero 
set points, deterministic inputs or non-zero noise biases, the model 
mismatch appears as a bias on the stochastic Innovation process. This 
bias, if left unaccounted for, would be sufficient to declare a false 
alarm failure in one or more sensors. A practical design procedure 
based upon the Generalized Likelihood Ratio (GLR) form uses a 
finite data window sequential Mest to detect and Isolate model 
mismatch effects and soft sensor failures. Application to an eighth 
order model of the QCSEE turbofan engine is discussed. (Author) 


A82-19064 * // A tensor approach to modeling of nonhomo- 
geneout nonlinear systems. S. Yurkovich and M. Sain (Notre Dame, 
University, Notre Dame, IN). In: Annual Allerton Conference on 
Communication, Control, and Computing, 18th, Monticello, IL, 
October 8-10, 1980, Proceedings. (A82-1 9051 07-63) Urbana, IL, 
University of Illinois, 1980, p, 604*613. 13 refs. Grant No. 
NsG*3048. 

Model follov/ing control methodology plays a key role in 
numerous application areas. Cases in point include flight control 
systems and gas turbine engine control systems. Typical uses of such 
a design strategy involve the determination of nonlinear models 
which generate requested control and response trajectories for 
various commands. Linear multivariable techniques provide trim 
about these motions; and protection logic is added to secure the 
hardware from excursions beyond the specification range. This paper 
reports upon experience in developing a general class of such 
nonlinear models based upon the idea of the algebraic tensor 
product. (Author) 
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64 NUMERICAL ANALYSIS 

Includos itoratlon. difforenco equations, and numerical 
approximation* 


Nt2- 14949^1 National Aoronautica and Space Adminiauttlou. 
LewU Resaarch Centar, Clevatand, Ohio. 

APf LIGATION OF INTEORATION ALQOIMTHMa IN A 
PARALLEL PROCESSING ENVIRONMENT FOT THE 
SIMULATION OF JET ENGINES 

Susan M. Krosal and Edward J. Mllnar 1982 26 p refs To 
be presented at the 16th Ann. Simulation Symp , Tampa, Fla,, 
17^9 Mar t962 

(NASA4M'82740; EO069) Avail: NTIS HC A02/MF A01 
CSCL 12A 

The application of Predictor corrector Integration aloorithms 
developed for the digital parallel processing environment ere 
investigated. The algorithms are implemented and evaluated 
through the use of a software simulator which provides an 
approximate representation of the parallel processing hardware. 
Tost cases which focus on the use of the algorithms are presented 
and a specific application using a linear model of a turbofan 
engine )s considered. Results are presented showing the effects 
of integration step size and the number of processors on simulation 
Accuracy Real time performance, intorprocessor communication, 
and algorithm startup are also discussed. B,W. 


N62*22922*| National Aeronautics and Space Administration. 
Lewis Research Contor, Cleveland, Ohio. 

MULTIPLC>GR1D ACCELERATION OF LAX-WENDROFF 
ALGORITHMS 

Gary M. Johnson Mar, 1982 22 p refs 
(NASA.TM-82843; B-V213; NAS 1.1 6:82843) Avail: NT(S 
HC A02/MF AOI CSCL 12A 

A technique for accelerating the convergence of a one>8top 
LaX'Wendroff method to a 8teady>8tate solution is discussed 
and its applicability oxtoncied to the more general class of two*step 
Lax*Wondro|f methods. Several two*stop methods which lead 
to quite efficient multiple grid algorithms are discussed. Computa- 
tional results are presented using the full two dimensional Euler 
equations for both subcritical and shocked supercritical flows. 
Extensions and generalizations are mentioned. M.G. 


convergence methods for vector sequences Is proposed, A 
simplified version of minimal polynortiial extrapolation is empha- 
sized The convergence of this method Is analyzed and U Is 
shown that It Is especially suitable for accelerating the convergence 
of vector sequences that are obtained when one solves linear 
systems of equations iteratively. M.G. 


A82-31436* Numerical Compariiont of nonHnear conver- 

gence acceleritors, D, A, Smith (Duke University, Durham, NCI and 
W. F, Ford (NASA, Lewis Research Center, Computer Services Dlv„ 
CIcvolond, OH), Mathematics of Cott)f3Ut»tlonf yoU 38, Apr* 1982, p. 
481*499, 23 refs. Grant No, N$G*3160, 

As part of a continuing program of numerical tests cf 
convergence accelerators, the iterated AUken's Dolta*squared meth* 
od, Wynn's epsilon algorithm, Brezlnskl*s theta algorithm, and 
Levin's u transform arc compared on a brood range of test problems} 
linearly convergence alternating, monotone, and Irregular-sign scries, 
logarithmically convergent scries, power method and Bernoulli 
method sequonces, allornatlng and monotone asymptotic series, and 
tome perturbation series arising In applications, m each category 
cither the epsilon algorithm or the u transform gives the best results 
of the four methods tested, In some cases differences among 
methods ore slight, and h others they are quite striking. (Author) 
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NB2-24S69*jf National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

RELAXATION SOLUTION OF THE FULL EULER EQUA- 
TIONS 

Gary M. Johnson 1982 9 p refs Presented at the 8th 

Intern. Cohf on Numerical Methods In Fluid Oyn., Aachen, West 
Germany, 18 Jun. ^ 2 Jul. 1982; sponsored by Deutsche 
Forschungsgemolnschaft, Dornlor G.rn.b.H., Mossorschmltt- 
Doolkow-Blohm G.m.b H., ONR and ERO 
(NASA-TM-82889; E-1265; NAS 1,15:82889) Avail; NTIS 
HC A02/MF AOI CSCL 12A 

A numerical procedure for the relaxation solution of the full 
steady Euler equations Is described. By embedding the Euler 
system In a second orde, surrogate system, central differencing 
may be ufr^^d In subsonic regions while retaining matrix forms 
well suited to Iterative solution procedures and convergence 
occeieratiori techniques. Hence, this method allows the develop- 
ment of stable, fully conservative differencing schemes for the 
solution of quite general inviscid flow problems. Results are 
prosontod for both subcritical and shockod supercritical Internal 
Comparisons^ are made with a standard time dependf^nt 
solution algorithm. ' Author 


NB2-29076#| Notional Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio 

ACCELERATION OF CONVERGENCE OF VECTOR SE- 
QUENCES 

Avrsm Sjdi (Tochnion-lsrool Inst, of Technology, Haifo), William 
F Ford, ohd Dovid A Smith (Duke Univ.) 1982 10 p refs 
Pfosoniod at the 30th Anniv. Mooting of the Soc. for Ind, and 
Appl. Math , Stanford. Calif 19-23 Jul 1982 
(NASA-TM-82931, E-1324; NAS 1.15;82931) Avail: NTIS 
HC A02/MF AOI CSCL 12A 

A genarai approach to the construction of occelerotod 


67 THEORETICAL MATHEMATICS 

Includes topology and number theory* 


AI2*33605 * Diffraction by a finite strip. M. K Williams (Purduo UNver* 
sity* West Lafayette, IN), Quariorly Journal of Mechanics and Applied Mathemat» 
ics, veL 35, Feb, 1982, p. 103-124. 7 ref$. Grant No. NsG-3292. 

A new approach is prosented to diffraction problems Involving plane strip 
barriers or slit apertures. These are problems that display the effects of multiple 
interacting edges. The approach taken here provides exact, compact solutions. 
The theory Is introduced through a series of examples that are, in fact, the 
'standard' problems of the subject, diffraction of a plane oblique wave by a sUt, 
for example. In each case, the solutions are found to depend explicitly on a single 
'special* function and its Fourier transform, These fundamental functions are 
described, with the emphasis placed on practical computational methods, The 
example problems are all couched in the language of acoustics. C.R. 
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71 ACOUSTICS 

Includes sound generation, transmission and atten- *atlon* 
For noise pollution see 45 Em^ronment Pollution. 


NB2-12890*! National AorQnautic$ and Space Admnistration 
Lewis Research Contur< Cleveland. Ohio 

NUMERICAL techniques IN LINEAR PUCT ACOUSTICS, 
19B081 UPDATE 

Kenneth J Baumeister 1981 51 p refs Presented at the 

10Z Winter Ann Mo6tino» Washington. D C . 15*20 Nov. 1981; 
sponsored by ASME 

tNASA.TM-B2730. 5*1034) Avail; NTIS HC A04/MF AOl 
CSCL 20A 

A review is presented covering finite element and (mite 
difference analysis of smalt amplitude (linear) sound propagation 
in straight and variabto area ducts This review stresses the 
now work performed during the 1980*1981 tiine frame, alUtotgh 
a brief discussion of earlier work is also incfudod. Emphasis is 
placed on the latest state of the art in numerical techniques. 

Author 


N82*12891*^ National Aeronautics and Space Administration 
Lewis Research Center, Clovelond, Ohio 

VERIFICATION OF AN ACOUSTIC TRANSMISSION 
MATRIX ANALYSIS SOUND PROPAGATION IN A 
variable area duct WITHOUT FLOW 

J H. Mites 1981 15 o refs Presented r,i the 102 Mooting 

of the Acoustical Soc, Pf Am . Miami Beach, Fla,, 1-4 Doc 
1981 

(NASA-TM*82741; £*1053} Avail: NTIS HC A02/MF AOl 
CSCL 20A 

A predicted standing wave pressure and phase angle profile 
for a hard wall rectangular duct with a region of converging- 
diverging area Variation is compared to published experimental 
measurements In a study of sound propagation without flow, 
The factor of 1/2 area variation used is sufficient magnitude to 
produce targe reflections. The prediction is based on a transmission 
matrix approach dovo|op«^d for the analysis of sound propagation 
in a variable due? with and without flow. The agreement 
between the measured and predicted results is shown to be 
excollont Author 


N82*14681*/)f National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

MODE PROPAGATION IN NONUNIFORM CIRCULAR 
DUCTS WITH POTENTIAL FLOW 

Y. C Cho and K U, Ingard (MIT) 1982 15 p refs Presented 
at the 20th Aerospace Sci Conf , Orlando, Fla., 11*14 Jan. 
1982 

(NASA-TM-82776; E-1086, AlAA-Papor-82-0122) Avail; NTIS 
HC A02/MF AOl CSCL 20A 

A previously reported closed form solution is expanded to 
determine effects of isontroplc mean flow on mode propagation 
in a slowly convorging*diverglng duct, a circular cosh duct. On 
the assumption of uniform steady fluid density, the moan flow 
Increases the power transmission coefficient The increase is 
directly related to the Increase of the cutoff ratio at the duct 
throat. With the negligible transverse gradients of the steady 
fluid variables, the conversion ifrom one mode to another is 
negligible, and the power transmission coefficient remains 
unchanged with the mean flow direction reversed. With a proper 
choice of frequency parameter, many different modes can be 
made subject to a single value of the power transmission loss. 
A systematic method to include the effects of the gradients of 
the steady fluid variables is also described B.W. 


NB2*15847*j)i National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

APPLICATION OF STEADY STATE FINITE ELEMENT AND 
TRANSIENT FINITE DIFFf*r;ENCE THEORY TO SOUND 
PROPAGATION IN A VARIAdLE AREA DUCT: A COMPAR- 
ISON WITH EXPERIMENT 

Kenneth J. Baumeister. W. Eversman (Missouri Univ., Rotla), R. 
J. Astloy (Missouri, Univ., Rolla), end J W. White (Tennessee 
Univ,. Knoxville) 1981 14 p refs Presented at the 7th 

Aoroacoustics Conf., Palo Alto, Calif., 5-7 Oct, 1981; sponsored 


PAGE IS 
QUALITY 

by AIAA 

(NASA*TM*82678; E-960) Avail. NTIS HC A02/MF AOl CSCL 
20A 

Sound propagation without flow in a rectangular duct with 
a converging-diverging area variation was studied experimontally 
and theoretically. The area variation was of sufficient magnitude 
to produce largo reflections and induce modal scattering. The 
rms (root*mean •squared) pressure and phase angle on both the 
flit and curved surface wore measured and tabulated. The steady 
state finite element theory and the transient finite difference 
theory are in good agreement with the data It is concluded 
that numerical finite differe'^ce and finite element theories appear 
ideally suited for handling duct propagation problems which 
encounter targe area variations. M.G. 


N82-1 6608^1 National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio 

NOISE OF THE $R*3 PROPELLER MODEL AT 2 DEG AND 
4 DEG ANCLE OF ATTACK 

James H. Dittmar and Robert J. Joracki Doc 1981 30 p 

rofs 

(NASA-TM-82738: E*105l) Avail: NTIS HC A03/MF A01 
CSCL 20A 

The noise effect of operating supersonic tip speed propellers 
at angle of attack with respect to the incoming flow was 
determined. Increases in the maximum blade passage noise were 
observed for the propeller operating at angle of attack. The noise 
increase was not symmetrical with one wall of the wind tunnel 
having significantly more noise increase than the other wall. 
This was apparently the result of the rotational direction of the 
propeller The lock of symmetry of the noise at angle of attack 
to the use of oppositely rotating propellers on opposite sides of 
an airplane fuselage os a way of minimizing the noise duo to 
operation at angle of attack. J.D.H. 


NB2-16809*/)( National Aeronoutics and Space Administration. 
Lewis Research Center, Cleveland, Ohio, 

A SHOCK WAVE APPROACH TO THE NOISE OF SUPER- 
SONIC PROPELLERS 

James H. Dittmar and Edward J. Rico Dec. 1981 19 p refs 

(NASA-TM-82752; E-1068) Avail: NTIS HC A02/MF AOl 
CSCL 20A 

To model propeller noise expected for a tuiboprop aircraft, 
the pressure ratio aci'oss the shock at the propeller tip was 
calculated and compared with noise dots from three propellers. 
At helical tip Mach numbers over 1 .0, using only the tip shock 
wave, the model gave a fairly good prediction Pf the noise for 
a bladed propeller and for a propeller swept for aerodynamic 
purposes. However for another propeller, which was highly swept 
and designed to have noise cancellations from the inboard propeller 
sections, the shock strength from the tip over predicted the 
noise. In general the good agreement indicates that shock theory 
is a viable method for predicting the noise from these super- 
sonic propellers but that the shock strongths from all of the 
blade sections need to bo properly Included. M G. 


N82-19944*/j|i National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

EFFECT OF FACILITY VARIATION ON THE ACOUSTIC 
CHARACTERISTICS OF THREE SINGLE STREAM NOZ- 
ZLES 

Orlando A. Gutierrez 1980 38 p refs Presented at the 

100th Meeting of the Acoust Soc. of Am., Los Angeles, 
17-21 Nov 1980 

(NASA-TM-8V635: E-646) Auaih NTIS HC A03/MF AOl CSCL 
20A 

The characteristics of the jot noise produced by three single 
stream nozzles wore investigated statistically at the NASA-Lewis 
Research Center outdoor jet acoustic facility. The nozzles consisted 
of a 7.6 cm diometor convergent conical, a 10.2 cm diameter 
convergent conical and an 8-iobe daisy nozzle with 7.6 cm 
equivalent diameter flow area, The same nozzles were tested 
previously at cold flow conditions in other facilities such as the 
Royal Aircraft Establishment (RAE) 7.3 m acoustic wind tunnel. 
The acoustic experiments at NASA covered pressure ratios from 
1.4 to 2.5 at total temperatures of 811 K and ambient. The 
data obtained with four different microphone arrays are compared 
The results are also compared with data taken at the RAE facility 
and with a NASA prediction procedure Author 
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N82*21036^ji^ National Aoronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FORWARD ACOU8T9C PERFORMANCE OF A MODEL 
TURBOFAN DESIGNED FOR A HIGH SPECIFIC FLOW 
(QF-14) 

James G. Lucas, Richard P. Woodward, and Charles J. Michels 
Mar. 1982 20 p refs 

(NASA.TP-1968: E-777: NAS 1.60:1968) Avail: NTlS 
HC A02/MF A01 CSCL 20A 

Forward noise and overall aerodynamic performance are 
presented for a hlQh-tip*speed fan having an exceptionally high 
average axial Mach number at the rotor Inlet. This high Mach 
number Is intended to attenuate fonvard noise at both the 
design-speed takeoff point, and at the unconventional low- 
pressure-ratio, design-speed approach point. As speed was 
increased near design, all forward noise components were reduced, 
and rear noise in the discharge duct was increased, indicating 
that the high Mach number flow at the rotor face is attenuating 
forward noise at takeoff. The fan at takeoff is some 5.5 to 
1 1 dB quieter than several reference fans. Data at the point 
closest to approach indicated tentatively that the design-speed 
approach mode was 3 dB quieter than the conventional mode. 

M.G. 


N82-21998*/ff National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland. Ohio. 

A PRELIMINARY COMPARISON BETWEEN THE SR-3 
PROPELLER NOISE IN FLIGHT AND IN A WIND TUNNEL 
James H. Dittmar and Paul L Lasagna 1982 14 p refs 

Presented at the 103rd Meeting of the Acoust. Soc. of Am,, 
Chicago, 27-30 Apr. 1982 

<NASA-TM-82805; E-1144: NAS 1,15:82805) Avail: NTIS 
HC A02/MF A01 CSCL 20A 

The noise generated by supersonlc-tip-speed propelleis Is 
addressed. Models of such propellers were tested for acoustics 
In the Lewis 8-by-6-foot wind tunnel. One of these propeller 
models, SR-3, was tested in flight on the Jetstar airplane and 
noise data were obtained. Preliminary comparisons of the 
maximum blade passing tone variation with helical tip Mach 
number taken in flight with those taken in the tunnel showed 
good agreement when corrected to the same test conditions. 
This indicated that the wind tunnel Is a viable location for 
measuring the noise of these propeller models. Comparisons of 
the directivities at 0.6 and 0.7 axial Mach number showed 
reasonable agreement. At 0,75 and 0.8 axial Mach number the 
tunnel directivity data fell off more towards the front than did 
the airplane data. A possible explanation for this is boundary 
layer refraction which could be different in the wind tunnel from 
that in flight. This may imply that some corrections should be 
applied to both the airplane and wind tunnel data at the 
forward angles. At and aft of the peak noise angle the boundary 
layer refraction does not appear to be significant and no correction 
appears necessary. M.G. 


N82'22951*|)l National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland. Ohio, 

RRESSURE TRANSFER FUNCTION OF A JT16D NOZZLE 
DUE TO ACOUSTIC AND CONVECTED ENTROPY FLUC- 
TUATIONS 

J. H. Mites 1982 39 p refs Presented at the 103rd Meeting 
of the Acoust, Soc. of Am., Chicago, 26-30 Apr, 1982 
(NASA-TM-82842: E-1212; NAS 1.15:82842) Avail; NTIS 
HC A03/MF A01 CSCL 20A 

An acoustic transmission matrix analysis of sound propagation 
in a variable area duct with and without flow Is extended to 
Include convected entropy fluctuations. The boundary conditions 
used in the analysis are a transfer function relating entropy and 
pressure at the nozzle Inlet and the nozzle exit impedance. The 
nozzle pressure transfer function calculated is compared with 
JT15D turbpfan engine nozzle data. The one dimensional theory 
for .sound propagation In a variable area nozzle with flow but 
without convected entropy is good at the low engine speeds 
where the nozzle exit Mach number is low (M» 0.2) and the 
duct exit impedance model is good. The effect of convected 
entropy appears to be so negligible that it is obscured by the 
inaccuracy of the nozzle exit impedance model, the lack of 
information on the magnitude of the convected entropy and its 
phase relationship with the pressure, and the scatter in the data. 
An improved duct exit impedance model Is required at the higher 
engine speeds where the nozzle exit Mach number is high 
(M = 0.56) and at low frequencies (below 120 Hz). B.W. 


HM2^2^Q42*jf National Aeronautics and Space Administration, 
Lewis Research Center. Develand, Ohio, 

AEROACOU8TIC PERFORMANCE OF AN EXTERNALLY 
BLOWN FLAP CONFIGURATION WITH SEVERAL FLAP 
NOISE SUPPRE^iiSION DEVICES 
Daniel J. McKInzie, Jr. May 1982 30 p refs 
(NASA-TP-1995; E*573; NAS 1.60:1995) Avail: NTIS 
HC A03/MF A01 CSCL 20A 

Small scale model acoustic experiments were conducted to 
measure the noise produced in the flyover and sideline planes 
by an engine under the wing externally blown flap configuration 
in its approach attitude. Broadband low frequency noise reductions 
as large as 9 dB were produced by reducing the separation 
distance between the nozzle exhaust plane and the flaps. 
Experiments were aisp conducted to determine the noise 
suppression effectiveness in comparison with a reference 
configuration of throe passive types of devices that were located 
on the jet impingement surfaces of the reference configuration. 
These devices produced noise reductions that varied up to 10 dB 
at reduced separation distances. In addition, a qualitative estimate 
of the noise suppression characteristics of the separate devices 
was made. Finally static aerodynamic performance data were 
obtained to evaluate the penalties incurred by these suppression 
devices. The test results suggest that further parametric studies 
are required In order to understand more fully the noise 
mechanisms that are affected by the suppression devices used. 

M.G, 


N82-31068*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

FINITE ELEMENT-INTEGRAL SIMULATION OF STATIC AND 
FLIGHT FAN NOISE RADIATION FROM THE JT16D 
TURBOFAN ENGINE 

Kenneth J. Baumeister and Scott J. Horowitz (Lockheed-Georgla, 
Marietta) 1982 16 p refs Presented at the Winter Ann. 

Meeting of the Am, Soc. of Mech, Engr., Phoenix, Ariz., 
14-19 Nov, 1982 

(NASA-TM-82936: E-1332; NAS 1,15:82936) Avail: NTIS 
HC A02/MF A01 CSCL 20A 

An iterative finite element integral technique is used to 
predict the sound field radiated from the JT1 5D turbofan inlet. 
The sound field is divided into two regions: the sound field 
within and near the inlet which Is computed using the finite 
element method and the raolstion field beyond the inlet which 
la calculated using an Integral solution technique. The velocity 
potential formulation of the acoustic wave equation was employed 
in the program. For some single mode JT1 5D data, the theory 
and experiment are In good agreement for the far field radiation 
pattern as well as suppressor attenuation. Also, the computer 
program Is used to simulate flight effects that cannot be performed 
on a ground static test stand. Author 


N82-32082*fi^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

ROUGH ANALYSIS OF INSTALLATION EFFECTS ON TUR- 
BOPROP NOISE 

Paul A, Durbin and John F. Groeneweg 1902 17 p refs Proposed 
for Presentation at the Acoust. Soc. of Am., Orlando, Fla., 
8-12 Nov. 1982 

(NASA-TM-62924; E-1316; NAS 1.15:82924) Avail: NTIS 
HC A02/MF A01 CSCL 20A 

A rough analysis of noise from a propeller operated at angle 
of attack, and in the nonuniform flow due to a line vortex 
approximating a wing flow field suggests Installation can significantly 
affect tuiDoprop noise levels. On one side of the propeller, where 
the blades approach the horizontal plane from above, decreases 
of noise occur; while on the other side noise increases. The noise 
reduction is due to negative interference of steady and unsteady 
sources. An angle of attack, or distance between propeller and 
vortex, exists for which noise Is a minimum. Author 


A82-17603 • # Propeller tip vortex • A possible contributor to 
aircraft cabin noise. 8. A. MHIer, J. H. Dittmar, and R. J. JerackI 
(NASA, Lewis Research Center, Cleveland, OH). Journst of A freraft, 
vol. 19, Jan, 1982, p. 84-86, 8 refs. 

Wind tunnel model tests support the hypothesis that a propeller 
tip vortex moy subject a downstream wing surface to greater 
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excitation than would be experienced by the aircraft fuselage side 
wall exposed to propeller-generated nolse^ ultimately transmitting 
this structural response to Incident dynamic pressure to the cabin 
Interior. Even if structure-borne excitations are less efficient than 
airborne excitations in the creation of cabin noise, the higher level of 
ths former could still govern cabin noise levels, O.C. 


N82*16810*j^ Georgia Inst, of Tech., Atlanta. School of 
Aerospace Engineering. 

PREDICTION OP SOUND .tADIATION FROM DIFFERENT 
PRACTICAL JET ENQ|!NE INLETS Semiannual Status Report, 
1 Jun. 1981 - 1 Dac, 1981 

Ben T. Zinn and William L. Meyer 1982 127 p refs 
{Grant NAG3-67) 

(NASA-CR-16B120) Avail; NTIS HC A07/MF A01 CSCL 
2QA 

The computer codes necessary for this study were developed 
and checked against exact solutions generated by the point source 
method using the NASA Lewis QCSEE inlet geometry. These 
computer codes were used to predict the acoustic properties of 
the following five inlet configurations; the NASA Langley 
Bellmouth. the NASA Lewis JT15D-1 Ground Test Nacelle, and 
three finite hyperbolic inlets of 50, 70 and 90 degrees. Thirty-five 
computer runs were done for the NASA Langley Bellmouth. For 
each of these computer runs, the reflection coefficient at the 
duct exit plane was calculated as was the far field radiation 
pattern. Thes^ results are presented in both graphical and tabular 
form with many of the results cross plotted so that trends in 
the results verses cut-off ratio (wave number) and tangential 
mode number may be easily Identified. Author 


N82-18994'^j{l California Univ., Los Angeles. School of 
Engineering and Applied Science. 

THE VELOCITY FIELD NEAR THE ORIFICE OF A HELM- 
HOLTZ RESONATOR IN GRAZING FLOW 

Andrew F. Charwat and Bruce E. Walker Mar. 1981 53 p 

refs 

(Grant NsG -3236) 

(NASA-CR>\68548: UCLA-ENG-81-101) Avail: NTIS 

HC A04/MF A01 CSCL 20A 

Measurement of the time-dependent velocities induced inside 
and outside the opening of acoustically excited, two-dimensional 
Helmholtz resonator imbedded in a grazing flow are presented. 
The remarkably clear structure of the perturbation field which 
evokes a pulsating source and a coherently pulsating vortex-image 
pair Is described. The simple phenomenological 1ld-moder which 
correlates the variation in the components of the acoustic 
impedance with the velocity of the grazing flow Is discussed 
and extended. Author 


N82-21031*jjl Avco Lycoming DIv., Stratford, Conn. 

YF 102 IN-DUCT COMBUSTOR NOISE MEASUREMENTS 
WITH A TURBINE NOZZLE, VOLUME 1 Final Report, Sap. 
1979 - Mar. 1981 

Craig A, Wilson and James M. OConnell Sep. 1981 63 p 

refs 

Itract NAS3-21974) 

v..mSA-CR.165562-Vo1-1; NAS 1.26:165B62-VoM; 
LYC-81-32-V01-1) Avail; NTIS HC A04/MF A01 CSCL 20A 
The internal noise generated by an Avco Lycoming YF-102 
engine combustor Installed in a test rig was recorded. Two 
configurations were tested one with and one without the first 
stage turbine nozzle installed. Acoustic probes and accessories 
were used. Internal dynamic pressure level measurements were 
made at ten locations within the combustor. The combustor rig, 
the test procedures, and data acquisition and reduction systems 
are described. Tables and plots of narrow band and one third 
octave band pressure level spectra are included. SX. 


HBZ^Z^032*|| Avco Lycoming Div., Stratford, Conn. 

YF 102 IN-DUCT COMBUSTOR NOISE MEASUREMENTS 
WITH A TURBINE NOZZLE, VOLUME 2 Final Report 

Craig A. Wilson and Jamas M. OConnell Sep. 1981 232 p 

refs 

(Contract NAS3-21974) 

(NASA-CR-165562-VOI-2; NAS 1.26: 165562-Vol-2: 


LYC-81-3'2-Vol-2| Availi NTIS HC A1 1/MF A01 CSCL 20A 
The internal noise generated by an Avco Lycoming YF-102 
engine combustor installed in a test rig vyas recorded, The one 
third octave band pressur*^ level spectra is prese.Tted, S.L 


N82-27090*||l Georgia Inst, of Tech,, Atlanta. School of 
Aerospace Engineering. 

ACOUSTIC PROPERTIES OF TURBOFAN INLETS Final 
Technical Report, 1 Sep. 1974 ^ 31 Oct. 1981 

Ben T. Zinn, Robert K. SIgman. and Scott J. Horowitz 31 Oct. 
1981 6 p refs 
(Grant NsG-3038) 

(NASA-CR-169016: NAS 1.26:169016) Avail. NTIS 

HC A02/MF A01 CSCL 20A 

The acoustic field witMn a duct containing a nonuniform 
steady flow was predicted. This analysis used the finite element 
method to calculate the velocity potential within the duct. S.L. 


A82-10454 * ff A/TJlyti'^l and experimental Inveitlgation of 
the propagation and attenuation of sound In extended rtactlon lined 
ducts. A. S. Hersh (Hersh Acoustical Engineering, Chatsworth, CA), 
S. B. Dong (California, University, Los Angeles, CA), and B. Walker. 
American institute of Aeronautics and Astronautics^ Aeroacoustics 
Conference, 7th, Pah Alto, CA, Oct. S-7, 1981, Paper 8P2014. 31 p. 
10 refs. Contract No. NAS3-21975. 

Results are presented of an analytical and experimental study of 
the attenuation and propagation of harmonically excited sound 
waves In an extended reaction lined cylindrical duct. The duct 
geometry considered consisted of an annular outer region of bulk 
material surrounding an Inner cylinder of air. The coupled wave 
equations governing the motion of the sound in both the Inner and 
annular regions were solved numerically. The numerically predicted 
attenuation and propagation constants were In excellent agreement 
with measured values using Kevlar as the liner material for 
plane-wave mode (0,0) excitation over the frequency from 100 to 
7,000 Hz. Although the numerical model was verified using Kevlar, It 
can be used with any fibrous constructed bulk liner. The results of 
this study demonstrate that a good start has been made on the 
numerical modelling of the acoustic performance of extended 
reaction liners. (Author) 


A82-10460 * if Sound generated In a cascade by three- 
dimensional disturbances convected in a subsonic flow. H. AtassI and 
G. Hamad (Notre Dame, University, Notre Dame, IN). American 
institute of Aeronautics and Astronautics, Aeroacoustics Conference, 
7th, Paio Aito, CA, Oct. B-7, 1981, Paper 8h2046. 14 p. 20 refs. 
Grant No. NsG-3195. 

Discrete tone sound generation in a subsonic fan subject to 
three-dimensional disturbances is investigated. The analytical model 
used treats the fan rotor and stator as linear cascades of thin airfoils 
in a rectangular duct subject to a three-dimensional gust for which a 
complete aerodynamic theory already exists. The sound pressure can 
then be cast as the sum of a finite number of discrete sound waves 
(modes) the magnitude of which depends on an unknown function 
satisfying a singular Integral equation. Similarity rules are derived to 
reduce the problem to that of a two-dimensional gust. Three- 
dimensional effects on the cut-off condition, the sound pressure, and 
the acoustic power are first investigated for each mode. The theory is 
then applied to noise generated by typical rotor-wake-defect and 
rotor-tip-vortex disturbances interacting with a stator. (Author) 


A82-14044 * # Methods for the calculation of axial wave 
numbers In lined ducts with mean flow. W. Eversman (Missouri- 
Rolla, University, Roija, MO). Acoustical Society of America, 
Meeting, 101st, Ottawa, Canada, May 18-22, 1981, Paper. 45 p. 50 
refs. Grant No. NsG-3231 . 

A survey is made of the methods available for the calculation of 
axial wave numbers in lined ducts. Rectangular and circular ducts 
with both uniform and non-uniform flow are considered as are ducts 
with peripherally varying liners. A historical perspective is provided 
by a discussion of the classical methods for computing attenuation 
when no mean flow is present. When flow is present these techniques 
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become either Impractical or Impossible, A number of direct 
eigenvalue determination schemes which have been used when flow is 
present are discussed. Methods described are extensions of the 
classical no*fIow technique, perturbation methods based on the 
no*flow technique, direct Integration methods for solution of the 
eigenvalue equation, an IntegratiomIteration method based on the 
governing differential equation for acoustic transmission, Galerkin 
methods, finite difference methods, and finite element methods. 

(Author) 
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A82'17663 * Acoustic transmission in llnad flow ducts • A 

finite element eigenvalue problem. R, J. Astley (Canterbury, Univer- 
sity, Christchurch, Now Zealand) and W. Eversman (Missouri- Rolla, 
University* Rolla, MO), In: International Conference on Finite 
Elements In Flow Problems, 3rd, Banff, Alberta, Canada, June 10-13, 
1980, Proceedings, Volume 2. (A82* 17661 06-34) Calgary, Alberta, 
Canada, University of Calgary, 1981, p. 123-132, 6 refs. Research 
supported by the Boeing Wichita Co.; Grant No. NsG-3231. 

The problem of acoustical transmission in lined ducts with 
subsonic mean flow is of considerable practical interest In the 
context of fan noise attenuation in the ducted inlet regions of 
turbofan aircraft engines. If nonaxisymmotric liners are present, a 
loss of axial symmetry results, and the study of acoustic transmission 
Involves the solution of a full two*dimensionai eigenvalue problem. 
The reported investigation is concerned with such an eigenvalue 
problem. Tne employed method of solution is effectively a two- 
dimensional analog of an approach considered by Astley and 
Eversman (1979), The approach makes use of a Galerkin Finite 
Element Method whereby the weighting and basis functions are 
generated automatically by the discretization. G.R. 


A82-38195 * Conversion of acoustic energy by lossless liners. VS, 
MOhring (Max-Planck-lns,titut fOr StrOmungsforschung, Gottingen. West Ger^ 
many) and W. Eversman {Missouri-Rolla, University, Rolla, MO), Journal of 
Sound and Vibration, vol. 82, June 8, 1982, p, 371-381. 16 refs. Grant No, 
NsG-3231. 

The Blokhintzev acoustic energy equation Is applied to a two-dimensional duct 
containing a uniform flow with a finite length lining. It is shown that the difference 
of the incident and outgoing acoustic energy differs In general from the energy 
dissipated in the liner, the difference being related to the displacements at the 
liner's edges. It is shown that in the case of a locally reacting lossless liner for 
frequencies below the first cut-off frequency and for low Mach number acoustic 
energy is generated if the flow and the Incident sound wave are in the same 
direction and is absorbed if these two directions are opposite unless special edge 
conditions are met. Furthermore it is shown under the same conditions that the 
ratio of the reflection coefficient at finite flow velocity to the reflection coefficient 
at vanishing velocity Is to first order In Mach number independent of the liner 
characteristics. A numerical calculation confirms these predictions at least for 
mass-like linear admittance. (Author) 


A62-4S165 The acoustical structure of highly porous open-ceil 

foams. R. F. Lambert (Minnesota, University ^1ln^eapol^s, MN). Acoustical So- 
ciety of America, Journal, vol. 72, Sept. 1982, p. 879-887. 12 refs. NSF Grant No. 
MEA-80-11362; Grant No. NAG3-161. 

This work concerns both the theoretical prediction and measurement of struc- 
tural parameters in open-cell highly porous polyurethane foams. Of particular 
Interest are the dynamic flow resistance, thermal time constant, and mass struc- 
ture factor and their dependence on frequency and geometry of the cellular 
structure. The predictions of cell size parameters, static flow resistance, and heat 
transfer as accounted for by a Nusselt number are compared with measurement. 
Since the static flow resistance and inverse thermal time constant are interrelated 
via the 'mean' pore size parameter of Biot, only two Independent measurements 
such as volume porosity and mean filament diameter are required to make the 
predictions for a given fluid condition. The agreements between this theory and 
nonacoustical experiments are excellent (Author) 
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72 ATOMIC AND MOLECULAR PHYSICS 

Includes atomic structure and molecular spectra. 
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N82*21 033^1 Avco Lycoming Div., Stratford. Conn. 

YF 102 IN.DUCT COMBUSTOR NOISE MEASUREMENTS 
WITH A TURBINE NOZZLE. VOLUME 3 flr^al Raport 
Craig A< Witson and James M. OConnell Sep. 1981 244 p 

refs 

(Contract NAS3-21974) 

(NASA-CR-166562-V0I-3; NAS 1.26:1 65562*Vol-3: 
LYC.81-32-Vol-3| Avail: NTIS HCA11/MFA01 CSCL 20A 
The Internal noise generated by an Avco Lycoming YF-102 
engine combustor installed In a test rig yvas recorded. The narrow 
band pressure level spectra is presented. S,L. 



74 OPTICS 

Includes light phenomena. ORIGINAI PAGE IS 
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N02-16t97^'/j^ National Aeronautics and Space Administration, 
lewis Reseai^ch Center. Qeveland. Ohio. 

ROUE OF OPTICAL COMPUTERS IN AERONAUTICAL 
CONTROL APPUCATION8 

Robert J. Baumbick In NASA. Langley Research Center Opt. 

Inform. Process, for Aerospace Appl. Dec. 1981 p 33-43 (For 
primary document see N82- 15894 06-74) 

Avail: NTIS HC A15/MF A01 CSCL 30F 

The role that optical computers play in aircraft control Is 
determined. The optical computer has the potential high speed 
capability required, especially for matrix/matrix operations. The 
optical computer also has the potential for handling nonlinear 
simulations in real time, They are also more c^omoatible with 
fiber optiO signal transmission. Optics also pelmit the use of 
peesive sensors to measure process variables. No i flectrical energy 
need be supplied to the sensor. Complex inteifscing between 
optical sensors and the optical computer is avoided if the optical 
sensor outputs can be directly processed by the optical 
computer. S.L. 


75 PLASMA PHYSICS 

includes magnetohydrodynamics and plasma fusion. 

For ionospheric plasmas see 46 Geophysics. For space 
plasmas see 90 Astrophysics. 


NS2-12943*/)f National Aeronautics and Space Administration, 
Lewis Research Center, Cleveland. Ohio, 

END REGION AND CURRENT CON80UDATION EFFECTS 
URON THE PERFORMANCE OF AN MHD CHANNEL FOR 
THE ETF CONCEPTUAL DESIGN 

S' Y, Wang and J. Marlin Smith [1961] 9 p refs To be 
presented at the 20th Aerospace Scl, Conf„ Orlando, Ha,, 
11-14 Jan. 1982; sponsored by AIAA 
(Contract DE.AI01-7;rET- 10769) 

(NASA-TM-82744; DOE/NASA/ 10769-22; E-10B7) Avail: 
NTIS HC A02/MF A01 CSCL 201 

The effects of MHD channel end regions on the overall 
power generation were considered. Tho peak plant thermodynamic 
efficiency was found to be slightly lower than for the active 
region (41%). The channel operating point for the peak efficiency 
was shifted to the supersonic mode (Mach No.. M sub c approx. 
1.1) rather than the previous subsonic operation (M sub c approx. 
0.9). The sensitivity of the channel performance to the B-fletd. 
diffuser recovery coefficient, channel load parameter. Mach 
number, and combustor pressure is also discussed. In addition, 
methods for operating the channel in a constant-current mode 
are investigated. This mode is highly desirable from the standpoint 
of simplifying the current and voltage consolidation for the inverter 
system. This simplification could result In significant savings in 
the cost of the equipment. The Initial results indicate that this 
simplification is possible, even under a strict Hall field constralr\t, 
with resonable plant thermodynamic efficiency (40.5%). N.W. 


NS2-13906*}|i National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

EFFECT OF VACUUM EXHAUST PRESSURE ON THE 
PERFORMANCE OF MHD DUCTS AT HIGH D-FIELD 
J. Marlin Smith. J. L Morgan, and Shih-YIng Wang 1982 
13 p refs Presented at the 20th Aerosfiace Sci, Meeting. 
Orlando. Fla., 11-14 Jan, 1982; spor^eored by AIAA 
(Contract DE-A101-77ET-10769) 

(NASA-TM-82750; DOE/NASA/ 10769-23; F-1066) Avail: 
NTIS HC A02/MF A01 CSCL 201 

The effect of area ratio variation on the performance of a 
supersonic Ha|l MHD duct is investigated. Results indicate that 
for a given combustion pressure there exists an area ratio below 
which the power generating region of the duct is shock free 
and the power output Increases linearly with the square of the 
magnetic field. For area ratios greater than this, a shock forms 
in the power generating region which moves upstream with 
Increasing magnetic field strength resulting in a less rapid raise 
In -the power output. The shock can be moved downstream by 
either increasing the combustion pressure of decreasing the 
exhaust pressure. The Influence of these effects upon duct 
performance is presented. B.W. 


N82-26961*/|( National Aeronautics and Space Administration, 
Lewis Research Center. Cleveland. Ohio. 

RESULTS AND COMPARISON OF H/ALL AND DW DUCT 
EXPERIMENTS 

J, Marlin Smith and J. L, Morgan 1982 10 p refs Proposed 
for presentation at the 20th Symp. on Eng. Aspects of Magnetohy- 
drodyn,. Los Angeles. 14-16 Jun. 1982 
(Contract DE-AI01-77ET-10769) 

(NASA-TM-82864; DOE/ NASA/ 10769-25: E1233; NAS 
1.16:82864) Avail: NTIS HC A02/MF A01 CSCL 201 

Experimental data from recent tests of a 45 deg diagonal 
wall duct are presented and compared with the results of a 
similar Hall duct. It is shown that while the peak power density 
of the two devices is approximately equal that the diagonal 
wall duct produces greater total power Output due to Its ability 
to better utilize the available magnetic field. Author 
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A82-17889 * H End region and current cpmoDdation effects 
upon the performance of an MHD channel for the ETF conceptual 
design. S. Y. Wang and J. M, Smith (NASA, Lewis Reseerch Center, 
Cleveland, OH). American institute of Aeronautics and Astronautics, 
Aerospace Sciences Meeting, 20th, Orlando, FL, Jan, 1U14, 1982, 
Paper 8.2’0325 , 5 p. 6 refs. 

It Is noted that operating conditions which yielded a peak 
thermodynamic efficiency (41%) for an EFt-slzc MHD/steam power 
plant were previously (Wang et a)., 1981; Steiger, 1981) Identified by 
considering only the active region (the primary portion for power 
production) of an MHP channel. These previous efforts are extended 
here to Include an investigation of the effects of the channel end 
regions on overall power generation. Considering these effects, the 
peak plant thermodynamic efficiency Is found to be slightly lowered 
(40,7%); the channel operating point for peak efficiency Is shifted to 
the supersonic mode (Mach number of approximately 1.1) rather 
than the previous subsonic operation (Mach number of approxi- 
mately 0.9). Also discussed Is the sensitivity of the channel 
performance to the B-fleld, diffuser recovery coefficient, channel 
load parameter, Mach number, and combustor pressure, C.R. 


A82-17941 * if Impact of uniform electrode current distribu- 
tion on ETF. D. J. Bents (NASA, Lewis Research Center, Cleveland, 
OH), American Institute of Aeronautics and Astronautics, Aerospace 
Sciences Meeting, 20th, Orlando, FL, Jan, 1h14, 1982, Paper 
52-0423. 8 p. 6 refs. 

A basic reason for the complexity and sheer volume of electrode 
consolidation hardware in the MHD ETF Powertrain system Is the 
channel electrode current distribution, which Is non-uniform. If the 
channel design is altered to provide uniform electrode current 
distribution, the amount of hardware required decreases consider- 
ably, but at the possible expense of degraded channel performance. 
This paper explains the design Impacts on the ETF electrode 
consolidation network associated with uniform channel electrode 
current distribution, and presents the alternate consolidation designs 
which occur. They are compared to the baseline (non-uniform 
current) design with respect to performance, and hardware require- 
ments, A rational basis Is presented for comparing the requirements 
for the different designs and the savings that result from uniform 
current distribution. Performance and cost Impacts upon the 
combined cycle plant are discussed. (Author) 


A82-20292 * if Effect of vacuum exhaust pressure on the 
performance of MHp ducts at high B-fleld. J. M. Smith, J. L. 
Morgan, and S.-Y. Wang (NASA, Lewis R<jsearch Center, Cleveland, 
OH) . American institute of Aeronautics and Astronautics, Aerospace 
Sciences Meeting, 20th, Orlando, FL, Jan. 1h14, 1982, Paper 
52-5395. 10 p. 

The effect of area ratio variation on the performance of a 
supersonic Hall MHD duct showed that for a given combustion 
pressure there exists an area ratio below which the power generating 
region of the duct Is shock free and the power output Increases 
linearly with the square of the magnetic field. For area ratios greater 
than this, a shock forms In the power generating region which moves 
upstream with increasing magnetic field strength resulting In a less 
rapid raise in the power output, The shock can be moved 
downstream by either increasing the combustion pressure or de- 
creasing the exhaust pressure. The Influence of these effects upon 
duct performance Is presented in this paper. (Author) 


N82-10880’*'))! Colorado State Unlv., Fort CoHlns, Dept, of 
Physics, 

EXPERIMENTAL SIMULATION OF BIASED SOLAH ARRAYS 
WITH THE SPACE PLASMA Annual Report 

Haroid R. Kaufman and Raymond S. Robinson May 1981 
7 1 p refs 
(Grant NsG-3196) 

(NASA-CR-1 65485) Avail; NTIS HC A04/MF A01 CSCL 
201 

The phenomenon of unexpectedly large leakage currents 
collected by smalt exposed areas of high voltage solar arrays 
operating in a plasma environment was investigated. Polylmide 
(Kapton) was the Insulating material used In all tests. Both positive 
bias (electron collection) and negative bias (ion collection) tests 
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were performed, A mode change In the electron collection 
mechantsm was associated with a glow discharge process and 
was found to be related to the neutral background density. Results 
indicate that the glow discharge collection mode does not occur 
in a space environment where the background density is 
considerably lower than that of the vacuum facility used, B.W, 


effects in operating systems is developed. System performance and 
cost data have been developed for the standard CCMHD/steam cycle 
as powered by both direct fired cyclone combustors and selected 
coal gasifiers. In addition, a new CCMHD thermodynamic cycle has 
been Identified, (Author) 


Nt2-24078*|)l Wichita State Univ., Kans. Dept, of Mechanical 
Engineering, 

NUMERICAL MODELING OF THREE-DIMENSIONAL 
CONFINED FLOWS Final Report 
Mahesh S. Greywall Aug. 1981 76 p refs 
(Grant NsG-3186: Contract DE-AI01-77ET- 10769) 

(NASA-CR- 165583; NAS 1.26:165583) Avail: NTIS 

HC A06/MF A01 CSCU 201 

A three dimensional confined flow model Is presented. The 
flow field is computed by calculating velocity and enthalpy along 
a set of streamlines. The finite difference equations ere obtained 
by applying conservation principles to streamtubes constructed 
around the chosen streamlines. With appropriate substitutions 
for the body force terms, the approach computes three dimensional 
magnetohydrodynamic channel flows, A listing of a computer 
code, based on this approach Is presented in FORTRAN IV 
language, Tlie code computes three dimensional compressible 
viscous flow through a rectangular duct, with the duct cross 
section specified along the axis. S.L. 


A82-11117 * Turbulence In ergon shock waves. J. A. John- 

son, III, J, P. Santiago, and L. 1 (Rutgers University. New Brunswick. 
NJ), Physics Letters^ vol, 83A, June 29, 1981, p, 443-445, 12 refs, 
Grant No. NsG-3280, 

Irregular density fluctuations with turbulcnt«llke behaviors are 
found in ionizing shock fronts produced by an arc-driven shock tube, 
Electric probes are used as the primary diagnostic. Spectral analyses 
show statistical patterns which seem frozen-in and characterizable by 
a dominant mode and Its harmonics, (Author) 


A82-17585 Stoichiometry-controlled compensation in 

liquid encapsulated Czochralski GaAs. D. E. Holmes, R.T, Chen, K* 
R. Elliott, and C, G. Kirkpatrick (Rockwell International Micro- 
electronics Research and Development Center, Thousand Oaks, CA). 
Applied Physics Letters, vol. 40, Jan. 1, 1982, p. 46-48, 15 refs. 
Contract No. NAS3-22224. 

It Is shown that the electrical compensation of undoped GaAs 
grown by the liquid encapsulated Czochralski technique is controlled 
by the melt stoichiometry. The concentration of the deep donor EL2 
in the crystal depends on the As concentration in the melt, increasing 
from about 5x10 to the 15th per cu cm to 1.7 x 10 to the 16th per 
cu cm as the As «tom fraction increases from 0,48 to 0,51, 
Furthermore, (t is shown that the free-carrier concentration of 
semi-lnsutating GaAs is determined by the relative concentrations of 
EL2 and carbon acceptors. As a result, semi-insulatlng material can 
be obtained only ajsove a critical As concentration (0.475-atom 
fraction in the material here) where the concentration of EL2 Is 
sufficient to compensate residual acceptors. Below the critical As 
concentration the material is p type due to excess acceptors. 

(Author) 


A82-20750 MHO channt) parformar^ce for pottntia) early 

commarcial MHO power plants. D, W, Swallom (Avco-Everett 
Research Laboratory, Inc., Everett, MA). Imersociety Bnergy Cort* 
yersion Bngineerlng Conference^ 1$th, Atlanta, GA, Aug, 5-/4, 198t, 
Paper, 7 p, 16 refs, Contract No. DEN3-51. 

The commercial viability of full and part load early commercial 
MHD power plants is examined. The load conditions comprise a mass 
flow of 472 kg/sec in the channel, Rosebud coal, 34% by volume 
oxygen In the oxidizer preheated to 922 K, and a one percent by 
m£ss seeding with K« The full load condition Is discussed in terms of 
8 combined cycle plant with optimized electrical output by the MHD 
channel. Various electrical load parameters, pressure ratios, and 
magnetic field profiles are considered for a basejpad MHD generator, 
with a finding that a decelerating flow rate yields slightly higher 
eiectricai output than* a constant flow rate. Nominal and part load 
conditions are explored, with a reduced gas mass flow rate and an 
enriched oxygen content, An enthalpy extraction of 24.6% and an 
Isentfopic efficiency of 74.2% is predicted for nominal operation of a 
526 MWe MHD generator, with higher efficiencies for part load 
operation, M.S.K. 


A82-26952 Standing waves along a mlcrowava genaratad 

surface wave plasma. J. Rogers and J. Asmussen (Michigan State 
University, East Lansing, Ml). fBEB Tt^nsactions on Plasma Science, 
voi. PS-10, Mar. 1982, p. 1 M6. 24 refs. Grant No. NSG-3299, 

Two surface wave plasma columns, generated by microwave 
power In argon at gas pressures of 0.05 torr to 330 torr, Interact In 
the same discharge tube to form standing surface waves. Radial 
electric field and azimuthal magnetic field outside the discharge tube 
are measured to be 90 deg out of phase with respect to axial position 
and to decay exponentially with radial distance from the tube axis. 
Maximum light emission occurs at the position of maximum 
azimuthal magnetic field and minimum radial electric field. Electron 
temperature and density are measured at low pressures with double 
probes Inserted into the plasma at a null of radial electric field. 
Measured electron densities compare well with those predicted by 
Gould-Trivelpiece surface wave theory. (Author) 


A82-20747 * # Comparative analysis of CCMHD power plants. 
F. N. Alyea, C. H, Marston, V. B. Mantri (General Electric Co., 
Energy Systems Programs Dept,, Philadelphia, PA), B. G. Geisen- 
dorfer (Babcock and Wilcox Co., Fossil Power Generation Piv., 
Barberton, OH), and H. Doss (Bechtel National, Inc., San Francisco, 
CA). Symposium on the Engineering Aspects of MHD, 19th, 
Tuflahoma, TN, June 1517, 1981, Paper. 8 p. Contract No. 
DEN3-135; No. DE-AC01-78ET-10818. 

A study of Closed Cycle MHD (CCMHD) power generation 
systems has been conducted which emphasizes both advances in 
component conceptual design and overall system performance. New 
design data are presented for the high temperature, regenerative 
argon heaters (HTRH) and the heat recove ry/seed recovery (HRSR) 
subsystem. Contamination of the argon by flue gas adsorbed in the 
HTRH is examined and a model for estimation of contamination 
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Includes superconductivity. 
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surface diffusion activation energies for various materials on poly- 
crystalline Cu, Al, Pb, Au, and N(, The values for different Impurity 
species on each of these substrates are approximately Independent of 
Impurity species within the experimental uncertainty, suggesting the 
absence of strong chemical bonding effects on the diffusion. {Author) 


NS2-1 1969*1 Rensselaer Polytechnic Inst,, Troy, N, Y. Dept, 
of Electrical Computer and Systems Engineering. 

LOW tcmperatuhe growth and electrical char- 
acterisation OF IN8UUTORS FOR GAA8 MISFETS 
SemlanruMl Statue Report, 1 May • 31 Oct. 1981 

J. M. Borrego and S. K. GhandhI 31 Oct 1981 11 p 
(Contract NAG3-175) 

(NASA-CR-164972) Avail: NTIS HC A02/MP A01 CSCt 
20B 

Progress In the low temperature growth of oxides and layers 
on GaAs and the detailed electrical characterization pf these 
oxides Is reported, A plasms anodization system was designed, 
assembled, and put into operation. A measurement system was 
assembled for determining capacitance and conductance as a 
function of gate voltage for frequencies In the range from 1 Hz 
to 1 MHz, Initial measurements were carried out In Sl-Si02 
capacitors in order to test the system and in GaAs MIS capacitors 
abricated using liquid anodization J.M.S. 


N82-23030*/j( Rockwell International Corp., Thousand Oaks, 
Calif. Microelectronics Research and Development Center. 

HIGH PURITY LOW DISLOCATION GaAs SINGLE CRYS- 
TALS Final Report, 26 Feb. 1980 ^ 24 Feb. 1981 

R. T. Chen, D, E. Holmes, and C. G. Kirkpatrick Jan. 1982 
46 p 

(Contract NAS3-22224) 

(NASA-CR-165533: NAS 1.26:165693; ERC41054.36FR) Avail: 
NTIS HC A03/MF A01 CSCL 20B 

Recent advances in GaAs bulk crystal growth using the LEG 
(liquid encapsulated Czochralski) technique are described. The 
dependence of the background impurity concentration and the 
dislocation density distribution on the materials synthesis and 
growth conditions ^ere investigated. Background impurity 
concentrations as low as 4 x 10 to the 15th power were obsen/ed 
in undoped LEG GaAs. The dislocation density in selected 
regions of Individual ingots was very low, below the 3000 cm 
.3000/sq cm threshold. The average dislocation density over a 
large annular ring on the wafers fell below the 10000/sq cm 
level for 3 inch diameter Ingots, The diameter control during 
the program advanced to a diameter variation along a 3 Inch 
ingot less than 2 mm. Author 


A82-13754 * Undopod somMnsulating LEG GaAs - A model 

and a mechanism. J. R. Oliver, R. D. Fairman, R. T. Chen (Rockwell 
International Microelectronics Research and Development Center, 
Thousand Oaks, CA), and P. W. Yu (Wright State University, Dayton, 
OH). Electronics Letters^ vol. 17, Oct. 29, 1981, p. 839’84l. 8 refs. 
Contract No. NAS3-22224. 

Undoped semHnsulating GaAs grown by the high-pressure liquid 
encapsulated Czochralski (LEG) method has been produced for use 
in direct Ion implantation In several laboratories. A clear understand- 
ing of the factors controlling Impurity transport and compensation in 
these materials has been lacking to date. In this work, detailed 
characterization has been performed on undoped semi-insulating 
crystals grown from both Si02 and PBN crucibles followed by a 
proposed Impurity model and compensation mechanism. (Author) 


A82-21965 * Surface diffusion activation energy determina- 

tion using Ion beam microtexturlng. S. M. Rossnagel and R. S. 
Robinson (Colorado State University, Fort Collins, CO). Journal of 
Vacuum Science and Technology^ voL 20, Feb. 1982, p, 195-198. 18 
refs. Grant No. NAG3-43. 

The activation energy for impurity atom (adatom) surface 
diffusion can bo determined from the temperature dependence of the 
spacing of sputter cones. These cones are formed on the surface 
during sputtering while simultaneously adding Impurities. The 
impurities form clusters by means of surface diffusion, and these 
clusters In turn Initiate cone formation. Values are given for the 


A82'30335^ Quasi-llquId states observed op Ion beam 

microtextured surfaces^ S, M. Rossnagel and R. S, Robinson 
(Colorado State University, Fort Collins, CO). (American Vacuum 
Society^ National Symposium, 28th, Anaheim, CA, Noy, 2-6, f$8U) 
Journal of Vacuum Science and Technology, vol. 20, Mar, 1982, p, 
506-509. 1 3 refs. Grant No. N AG3-43, 

Liquid-like properties have been observed on surface structures 
developed by means of Ion beam microtexturInD, The structures 
Include cones, pyramids, or wayelike formations. The observed 
Iiquid4ike effects are drips and ripples on the sides of cones, droplet 
formation, the apparent flow and coalescence of closely packed 
structures, wetting angle and other surface tension effects, and the 
bending of cones by additional heating. The bulk temperatures arc In 
the range of 50-600 C, These effects are seen to some extent on Cu, 
Al, Au, Pb, and Ni substrates. (Author) 


A82-31276 * Impedance conversion using quantum limit 

nonreciprodty for superconductor-insulator-superconductor mixer 
compensation. S. R, Whiteley (California, University, Berkeley, CA), 
Applied Physics Letters, vol. 40, May 1, 1982, p. 842, 843, 8 refs, 
NSF Grant No. ECS-79-23877; Contract No, N AG3-88. 

It is shown how a superconductor-insulator-supcrconductor 
(SIS) mixer when Inductively terminated at the IF port has inductive 
reactance at the signal port. This reactance may be used to 
compensate for the geometric capacitance of a conventionally 
operated SIS mixer over twice the bandwidth available through signal 
port resonance techniques. (Author) 


A82-38411 * OM-VPE growth of Mg-doped GaAs. C R. Lewis, W. T 
DIetze, and M. J. Ludowiso (Varian Corporate Solid State Laboratory, Palo Alto, 
CA). Electronics Letters, vol. 18, June 24, 1 902, p. 569, 570. 5 refs. Contract No. 
NAS3-22232. 

The epitaxial growth of Mg-doped GaAs by the organometallic vapor phase 
epitaxial process (OM-VPE) has been achieved for the first time. The doping is 
controllable over a wide range of input fluxes of bis (cyc(opentadienyl) mag- 
nesium, (C5H5)2Mg, the organometallic precursor to Mg. (Author) 


A82-41546 * Electron beam induced damage in (TO coated Kapton. 

]. Krainsky, W, L. Gordon, and R. W. Hoffman (Case Western Reserve University, 
Cleveland, OH). Applications of Surface Science, vol. 9, 1901 , p, 39-46. 17 refs. 
Grant No. NsG-3197. 

Data for the stability of thin conductive Indium tin oxide films on 0,003 Inch thick 
Kapton substrates during exposure of the surface to electron beams are re- 
ported. The electron beam energy was 3 keV and the diameter was about 0.8 
mm. Thermal effects and surface modifications are considered. For primary 
current greater than 0.6 microamperes, an obvious dark discoloration with diame- 
ter approximately that of the beam was produced. The structure of the discolored 
region was studied with the scanning electron microscope, and the findings are 
stated. Surface modifications were explored by AES, obtaining spectra and sec- 
ondary emission coefficient as a function of lime for different beam Intensities. In 
all cases beam exposure results in a decrease of the secondary yield but be- 
cause of thermal effects this change, as well as composition changes, cannot be 
directly interpreted In terms of electron beam dosage. C.D. 


A82-42912 * Stationary state model for normal metal tunnel junction 
phenomena. S. R. Whiteley and T. K. Gustafson (California, University, Berkeley, 
CA). IEEE Journal of Quantum Electronics, vol. QE-18, Sept. 1982, p. 
1387-1398. 21 refs. NSF Grant No. ECS-79-23077; Grant No, NAG3-88. 

A model applicable to normal metal tunnel junctions is presented. This model, 
referred to herein as the stationary state model, is an extension of the extended 
basis function theory of Klelnman and Duke (197.2). Under the assumption that 
elastic tunneling is the dominant transport mechanism under static bias, the 
theory has been extended to Include the case where there is an ac component 
of bias potential, and the fluctuation spectrum has been derived. In this approach 
structure eigenstates are used as the basis, allowing observables to be evaluated 
without recourse to the perturbation theory Inherent In the transfer Hamiltonian 
model. Comparison Is made to the appropriate results of the first order transfer 
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Hamiltonian modal, and H ia found that thoro is cioso but not always exact 
agrooment to lowest order in the tunneling exponential. The stationary state 
nwlol should bo accurate with large barrier ifansmis^.on, os it includes all orders 
of the tunneling exponential. The model as presented here should be applicable 
to normal metal tunnel jurKtions, whore elastic tunneling Is the dominant transport 
mechanism (under static bias), up to infrared excitation frequencies. (Author) 


A82-46426 * lon-beam-tnduced topography and aurfica diffusion. B. 

S. Robinson and S. M. Rossnagol (Colorado State University, Fort Collins, CO). 
(American Vacuum Society, Annual Symposium on Plasma and Ion-Beam Pro- 
cessing, 13th, Yorktown Heights, NY, June 2, 1982 ) Journal of Vacuum Science 
and Technology, vol 2t , Sopt^Oct. 1982, p. 790-797. 32 refs. Grant No. NAG3- 
43. 

It Is pointed out that the development of surface topography along with en- 
hanced surface and bulk diffusion processes accompanying Ion bombardment 
have generated growing interest among users of ion beams and plasmas for thin 
film or material processing. Interest in these processes stems both from attempts 
to generate topographic changes for specific studios or applications and from the 
need to suppress or control undesirable changes. The present Investigation pro- 
vides a summary of the current status of Impurity-induced texturing, with empha- 
sis on recent developments. Particular attention is given to the texturing 
accompanying deposition of an Impurity material onto a solid surface while simul- 
taneously etching the surface with an ton beam. A. description of experimental 
considerations is provided, and a thermal-diffusion model Is discussed along with 
the development of sputter cones, and aspects of impact-enhanced surface 
diffusion. G.R. 
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A82-46517 * Effect of melt etolchlometry on twin formation in LEG 

QaAs. R. T. Chen and D. E. Holmes (Rockwell International microelectronics 
Research and Development Center, Thousand Oaks, CA). Electrochemical So- 
ciety, Journal, vol. 129, Oct. 1982, p. 2382, 2383, 5 refs. Contract No. NAS3- 
22224. 

it Is shown that the incidence of twin formation In large diameter, undoped, 
(1 00) LEG GaAs is reduced When the melt composition Is slightly As-rich. Twenty 
GaAs crystals wore grown from stoichiometric and nonstoichlometric melts. The 
results suggest that the barrier to twin formation Is related to the stoichiometry 
of the solid at the solidification front. C.D. 
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Nt2-*321B6*# National Aeronautics and Space Administration. 
Lewis Research Center. Cleveland. Ohio. 

THERMODYNAMIC AND TRANSPORT COMBUSTION PROPER- 
TIES OF HYDROCARBONS WITH AIR. PARTI: PROPERTIES 
IN SI UNITS 

Sanford Gordon Jul. 1982 397 p refs 

(NASA.TP^1906; E-946; NAS 1.60:1908) Avail; NTIS 

HCA17/MFA01 CSCL20M 

Thermodynamic and transport combustion properties were 
calculated for a wide range of conditions for the reaction of 
hydrocarbons with air. Three hydrogen-carbon atom ratios (H/C 
1.7, 2.0, 2.1) were selected to represent the range of aircraft 
fuels. For each of these H/C ratios, combustion properties were 
calculated for the following conditions; Equivalence ratio: 0, 0.25, 
0.5, 0.75, 1.0, 1.25 Water - dry air mass ratio: 0, 0.03 Pressure, 
kPa: 1.01325, 10.1325, 101.325, 1013.25, 5066.25 (or In atm: 0.01, 
0.1, 1, 10, 50) Temperature, K: every 10 degrees from 200 to 
900 K; every 50 degrees from 900 to 3000 K Temperature, B: 
every 20 degrees from 360 to 1600 R; very 100 degrees from 
1600 to 5400 R. The properties presented are composition, density, 
molecular weight, enthalphy, entropy, specific heat at constant 
pressure, volume derivatives, Isentropic exponent, velocity of 
sound, viscosity, thermal conductivity, and Prandtl number, Property 
tables are based on composites that were calculated by assuming 
both: (1) chemical equilibrium (for both homogeneous and heterog- 
eneous phases) and (2) constant compositions for all temperatures. 
Properties in SI units are presented in this report for the Kelvin 
temperature schedules. Author 


NB2-32189*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THERMODYNAMIC AND TRANSPORT COMBUSTION PROPER- 
TIES OF HYDROCARBONS WITH AIR. PART 4: COMPOSI- 
TIONS CORRESPONDING TO RANKINE TEMPERATURE 
SCHEDULES IN PART 3 
Sanford Gordon Jul. 1962 261 p refs 
(NASA-TP-1909; E-94ii; NAS 1.60:1909) Avail: NTIS 

HC A18/MF A01 CSCL 20M 

The equilibrium compositk>n8 corresponding to the thermodynanv 
Ic and transport combustion properties for a wide range of 
conditions for the reaction of hydrocarbons with air are praeented. 
The compositions presented correspond to RamOne temperature 
schedules. J.M.S. 
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N82-32187*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THERMODYNAMiC AND TRANSPORT COMBUSTION PROPER- 
TIES OF HYD.10CARBONS WITH AIR. PART 2: COMPOSI- 
TIONS CORRESPONDING TO KELVIN TEMPERATURE SCHED- 
ULES IN PART 1 

Sanford Gordon Jul. 1982 281 p refs 

(NASA-TP-1907; E-947; NAS 1.60:1907) Avail: NTIS 

HC A13/MF A01 CSCL 20M 

The equilibrium compositions that correspond to the thermody- 
namic and transport combustion properties for a wide range of 
conditions for the reaction of hydrocarbons with air are presented. 
Initially 55 gaseous species and 3 coin condensed spates were 
considered in the calculations, Only 1 7 of these 65 gaseous species 
had equilibrium mole fractions greater than 0.000005 for any of 
the conditions studied and therefore these were the only ones 
retained in the final tables. J.M.S. 


N82-32188*# National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland, Ohio. 

THERMODYNAMIC AND TRANSPORT COMBUSTION PROPER- 
TIES OF HYDROCARBONS WITH AIR. PARTS: PROPERTIES 
IN US CUSTOMARY UNITS 

Sanford Gordon Jul. 1982 362 p refs 

(NASA-TP-1908: E-948; NAS 1.60:1900) Avail: NTIS 

HC A16/MF A01 CSCL 20M 

Thermodynamic and transport properties are presented for a 
wide range of conditions for the reaction of hydrocarbons with air. 
The values given are In U.S. customary units. J.M.S. 
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N82-20006*| National and Space Administration. 

Lewis Research Center, Cievoiand, Ohio. 

LOCAL AND NATIONAL IMPACT OP AEROSPACE 
RESEARCH AND TECHNOLOGY 

John P. McCarthy, Jr. Dec. 1981 10 p refs Presented at 

Cievelind City Club, Ohio, 4 Dec. 1981 
(NASA-TM-8277B; E-1106) Avail: NTIS HC A02/MF A01 
CSCL 05A 

An overview of work at the NASA Lewis Research Center 
in the areas of aeronautics space, and energy is presented. Local 
end national Impact of the work is discussed, ^me aspects of 
the U.S. research and technology base, the aerospace industry, 
and foreign competition are discussed. In conclusion. U.S. research 
and technology programs are cited as vital to U.S, economic 
health. Author 
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85 URBAN TECHNOLOGY AND 
transportation 

Includes applications of space technology to urban 
problems. :>|ogy transfer; technology assessment; and 
surface and mass transportation. 

For related Information see 03 Air Transportation and 
Safety, 16 Space transportation, and 44 Energy Production 
and Conversion. 


Nt2*ia013*| Natianii Aaronautica and Space Adminittratlon. 
lawia Raaaarch Canter* Ciaveland. Ohio* 

T28T niSULTt AND fACIUTY OESCHIPTION FOR A 

40*X«L0WATT •TIRUNO ENGINE Final 

Gary G. Kelm. Jamea E* Caireili* and Robert J, Walter ^lun, 

19B1 47 p refs 

tContract DE-Ai01-77CS.51040) 

{NASA«TM>82620; DOE/ NASA/5 1040-27r E-871) Avail: 
NTIS HC A03/MF A01 CSCL lOB 

A 40 kilowatt Stirling engine* Its test support facilities* and 
the experimental procedures used for these tests are described, 
Operating experience with the engine is discussed* and some 
initial test results are presented S.L. 


N82-26061*)il National Aaronaufe and Space Administration. 
Lewis Research Center* Cleveland, Ohio, 

PRELIMINARY ANALYSIS OF A DOWNSIZED ADVANCED 
GAS.TURBINE ENGINE IN A SUBCOMPACT CAR 
John U Klann and Roy L. dohnsen 1982 25 p refs Presented 
at the 18th Joint Propulsion Conf., Cleveland, 21i-23 Jun. 1982 
(Contract DE-AI01-77CS-51040) 

(NASA-TM-82848; E.1218; NAS 1.16:82848,' 

DOE/ NASA/51 040-40) Avail: NTIS HC A02/MF A01 CSCL 
13F 

Relative fuel economy advantages exist for a ceramic turbine 
engine when it is downsized for a small ct< w^fe investigated. 
A 75 kW (TOO hp) single shaft engine unObf tievelopment was 
analyticaiiy downsized to 37 kW (50 hp) and analyzed with a 
metal belt continuousty variable transmission in a synthesized 
car. With gasoline, a 25% advantage was calcul> tod over that 
of a current spark ignition engine, scaled to the same power, 
using the same transmission and car. With diesel fuel, a 21% 
advantage was calculated over that of a similar diesel engine 
vehicle. Author 


N62-27191*^ National Aeronautics and Space Administration. 
Lewis Research Center, Cleveland* Ohio, 

BIBLIOGRAPHY OF LEWIS RESEARCH CENTER TECHNt. 
CAL PUBLICATIONS ANNOUNCED IN 1981 

May 1982 295 p 

(NASA-TM-82838: £-1205. NAS 1.15:82838) Avail; NTIS 
HC A13/MF A01 CSCL 058 

Technical reporting tliat resulted from the scientific and 
engineering work performed and managed by the Lewis Research 
Center in 1981 are indexed and abstracted. AH the publications 
were announced in the 1981 issues of STAR (Scientific and 
Technical Aerospac'> Reports) ano/br lAA (international Aero- 
space Abstracts). |r eluded are research reports, journal articles, 
conference presentuiions, patent applications, and theses. A total 
of 364 technical publications Is listed. Author 


of a shunt wound do traction motor under microprocessor control 
using a transistorized controller. The motor drives the vehicle 
through a fixed ratio transmission. The second system uses an 
ac induction motor controlled by transistorize rf pulse width 
moduiated inverter which drives through a two speed automatically 
shifted transmission. The Inverter and transmission both operate 
under the control of a microprocessor. The characteristics of 
these systems are also compared with the propulsion system 
technology available in vehicles being manufactured at the 
inceptior. of the DOE program and with an advanced, highly 
Integrated propulsion system upon which technology development 
was recently initiated. Author 


NB2-1 1993*1 Rasor Associates, Inc.* Sunnyvale* Calif. 

JET IMPINGEMENT HEAT TRANSFER enhancement for 
THE GPU-3 STIRLING ENGINE 

Oouglap C. Johnson. Craig W. Congdon, Lester L, Begg* Edward 
J. Britt, and Lanny G. Thieme Oct* 1981 28 p refs 
(NASA-TM-82727: DOE/NASA/51040/33) Avail; NTIS 
HC A03/MF A01 C$Cl 13F 

A computer model of the combustion-gas-sido heat transfer 
was developed to predict the effects of a jet impingement system 
and the possible range of improvements available. Using low 
temperature (315 C (600 FI) pretest data In an updated medol, 
a high temperature sHicon carbide Jet Impingement heat ransfer 
system was designed and fabricated. The system model predicted 
that at the theoretical maximum limit, jet impi')gement enhanced 
heat transfer can: (1) reduce the flame temperature by 275 C 
(500 F); (2) reduce the exhaust temperature by HOC (200 F); 
and (3) increase the overall heat Into the working fluid by 10%, 
all for an Increase in required pumping power of loss than 0.5% 
of the engine power output. Initial tests on the GPU>3 Stirling 
engine at NASA-Lewis demonstrated that the jet Impingement 
system increased the engine output power efficiency by 
5% - 8% with no measurable Increase in pumping power. The 
overall heat transfer coefficient was increased by 65% for the 
maximum power point of the tests, A.R.H, 


N82-16937*])! Ai Research Mfg. Co„ Phoenix, Artz. 

ADVANCED GAS TURBINE (AQT) POWERTRAIN SYSTEM 
DEVELOPMENT FOR AUTOMOTIVE APPLICATIONS 
Progreaa Report* Oct, 1979 - Jun. 1980 
Nov, 1980 431 p refs 
(Contract DEN3-167) 

(NASA-CR-1 651 75; DOE/NASA/01 67-80/ 1 ; 
AiResearch-31-3725; PR-1) Avail: NTiS HC A19/MF A01 
CSCL 13F 

Progress in the development of a gas turbine engine to 
improve fuel economy, reduce gaseous emissions and particulate 
levels, and compatible with a variety of alternate fuels is reported, 
The powertrain is designated AGT101 and consists of a 
regenerated single shaft gas turbine engine, a split differential 
gearbox and a Ford Automatic Overdrive production transmission. 
The powertrain Is controlled by an electronic digital microprocessor 
and associated actuators* instrumentation, and sensors, Standard 
automotive accessories are driven by engine power provided by 
an accessory pad on the gearbox. Component/subsystem 
development progress is reported In the following areas: 
compressor, turbine, combustion system* regenerator, gearbox/ 
^{[ransmission. structures, ceramic components, foil gas bearing, 
bearings and seals, rotor dynamics* and controls and acces- 
sories. J.M.S. 


N82-31160*j^ National Aeronautics and Space Administration. 
, Lewis Research Center, Cleveland, Ohio. 

PROGRESS ON ADVANCED dc AND ac INDUCTION 
‘ DRIVES FOR ELECTRIC VEHICLES 

^ Harvey J. Schwartz 1932 16 p refs Presented at the Drive 
i Elec, Amsterdam ’82, Amsterdam. 25-29 Oct. 1982 
= (Contract DE-AI01-77CS-51044) 

^ (NASA-TM-82895; E1273: NAS 1.15:82895; 

; DOE/ NASA/ 5 1044-27) Avail: NTIS HC A02/MF A01 CSCL 

f 1 3F 

i Progress Is reported in the development of complete electric 
I vehicle propulsion systems, and the results of tests on the Road 
I Load Simulator of two such systems representativo of advanced 
I dc and ac drive technology are presented. One is the system 
I used in the DOE's ETV-1 integrated test vehicle which consists 


N82-1693B*|)i Boeing Computer Services Co„ Tukwiia, Wash. 

HYBRID AND ELECTRIC ADVANCED VEHICLE SYSTEMS 
(HEAVY) SIMULATION Final Report 

Ronald A. Hammond and Richard K, McGehee Nov, 1981 
89 p refs 

(Contract D'*N3-151; DE.AI01-77CS-51044) 

(NASA-CR- 165536; D0E/NASA/015M; BCS-40367) Avail; 
NTIS HC A05/MF AOl CSCL 13F 

A computer program to simulate hybrid and electric advanced 
vehicle systems (HEAVY) is described. It Is intended for use 
early in the design process; concept evaluation, alternative 
comparison, preliminary design, control and management strategy 
development, component sizing, and sensitivity studies, it allows 
the designer to quickly, conveniently, and economically predict 


POOR QUALITV 


the performance of a proposed drive train. The user defines the 
system to be simulated using a library of predefined component 
models that may be connected to represent a wide variety of 
propulsion systems. The development of three models are 
discussed as examples. M.G. 


N82-19068^# Department of Transportation. Cambridge. Mass. 
FUEL ECONOMY AND EXHAUST EMISSIONS CHARACTER- 
ISTICS OF DIESEL VEHICLES: TEST RESULTS OF A 

PROTOTVrE FIAT 131TC 2.4 LITER AUTOMOBILE 

S. S. Quayle Jan. 1982 58 p refs 

(NASA Order C-32817-D; Contrect DE-AI01-80CS-50194) 

(NASA-CR-165535; DOE/NASA/2817-2; 

DOT-TSC-NASA-81-2) Avail: NTIS HC A04/MF A01 CSCL 
13F ’ 

The results obtained from fuel economy and emission tests 
conducted on a prototype Fiat 131 turbocharged diesel vehicle 
are presented. The vehicle was tested on a chassis dynamometer 
over selected drive cycles and steady-state conditions. Two fuels 
were used, a United States number 2 diesel and a European 
diesel fuel. Particulate emission rates were calculated from dilution 
tunnel measurernents and large volume particulate samples were 
collected for biological and chemical analysis. It was determined 
that turbocharging accompanied by complementary modifications 
results in small but substantial improvements in regulated 
emissions, fuel economy, and performance. Notably, particulate 
levels were reduced by 30 percent. Author 


N82-29235*/Ji Mechanical Technology. Inc. Latham* N. Y. 
Stirling Engine Systems Div. 

AUTOMOTIVE STIRLING ENGINE DEVELOPMENT PRO- 
GRAM Quarterly Technical Progress Report. 1 Apr. • 30 Jun. 

1981 

Steven Filler. Al Richey. Mark Dowdy, and Kelly Mather May 

1982 111 p refs 

(Contracts DEN3-32: EC-77-A-3 1-1 0040) 

(NASA-CR-1 67907; DOE/NASA/0032-15; NAS 1.26:167907: 
MTI-91ASE229QT13) Avail: NTIS HC A06/MF AOl CSCL 
13F 

The background and history of the Stirling engine, the 
technology, materials, components, controls, and systems, and a 
technical assessment of automotive Stirling engines are pre- 
sented, Author 


N82-34312*# Mechanical Technology, Inc., Latham. N, Y. 

AUTOMOTIVE STIRLING ENGINE MOD 1 DESIGN REVIEW, 
VOLUMES Final Report 

Aug. 1982 362 p refs Review held in Cleveland, 22*23 May 
1980 3 Vol. 

(Contracts DEN3-32; DE-AI01*77CS-51040) 

(NASA-CR-167397; DOE/N AS A/0032- 18-Vol*3; NAS 
1.20:167937; Rept-80ASE142DR1*Vol*3) Avail: NTIS 

HC A16/MF AOl CSCL 13F 

Engineering drawings for the Stirling engine, external heat, hot 
and cold engine, engine drive, and control ayatems and auxlliarlea 
are provided. Vehicle integration is also illustrated. N.W. 
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N82-31158*jj/ Detroit Diesel Allison. Indianapolis, ind. 

CERAMIC APPLICATIONS IN TURBINE ENGINES S«mian- 
nual Report. 1 Jan. - 30 Jun. 1980 

S, Michael Hudson. Michael A. Janovicz, and Fratiklin A. Rockwood 
Nov. 1980 177 p 

(Contracts DEN3-17; EC-77-A-3 1-1040) 

(NASA-CR-165197; NAS 1.26:165197; EDR-10383) Avail: 
NTIS HC A09/MF A01 CSCL 13F 

The design and te.stlng of gas turbine engines employing 
ceramic components js discussed. Thermal shock and vibration 
test results as well as spin tests of various engine components 
are discussed. R.J.F. 


N82-34311*# Mechanical Technology, Inc., Latham, N. Y. 

AUTOMOTIVE STIRLING ENGINE MOD 1 DESIGN REVIEW, 
VOLUME 1 Final Report 

Aug. 1982 654 p refs Presented at Automotive Stirling Engine 
(ASE) Mod 1 Engine Design Review, Cleveland, 22-23 May 1980 
rj Vol. 

(Contracts DEN3-32; DE-AI01-77CS-51040) 

(NASA-CR-1 67935; DOE/NASA/0032-16-Vol-1; NAS 
1 .26:1 67935; MTI-80ASE1 42DR1 -Vol-1) Avail: NTIS 

HC A99/MF AOl CSCL 13F 

Risk assessment, safety analysis of the automotive Stirling 
engine (ASE) mod I, design criteria and materials properties for 
the ASE mod I and reference engines, combustion are flower 
development, and the mod I engine starter motor are discussed. 
The Stirling engine system, external heat system, hot engine 
system, cold engine system, and engine drive system are also 
discussed. N.W. 
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90 ASTROPHYSICS 

Includes cosmology; and Interstellar and Interplanetary 
gases and dust. 


A82-23760 * Potantiali of lurfacet |n spice. E. C. Whipple 

(California, University, La Jolla, CA). Reports on Progress in Physics, 
voL 44, Nov. 1981, p. 1197-1250. 334 refs. Grants No. 
NGL-05-005.007; No, NAG3-152; Contract No. F04701-77-C-0062. 

The subject of surface potentials on natural and artificial bodies 
in space Is reviewed with particular emphasis on recent develop- 
ments. Following a brief survey of work done up to the early 1970s 
on the charging of astrophysical objects In Interstellar and Interplane- 
tary space and spacecraft charging, the various charging rhechanisms 
in space are examined, including the collection of plasma particles, 
photoemlsslon, and secondary electron emission by electron impact 
and Ion impact, and the effects on charging of nonIsotropIc plasmas, 
wakes, and environmental magnetic and electric fields are considered. 
The concept of equilibrium potential Is discussed, along with 
differential charging, potential barriers and discharge processes. The 
measurement of spacecraft potentials Is th^n considered, and recent 
work on spacecraft potential modification and control by active and 
passive means is presented. Finally, astrophysical applications where 
charging effects may be Important are discussed, and areas for 
further work are Indicated, A.L.W. 
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91 LUNAR AND PLANETARY 
EXPLORATION 

Includes planetology; and manned and unmanned flights. 
For spacecraft design see 18 Sp^c^craft Design Testing, 
end Performance. For space stations see 15 Launch 
Vehicles and Space Vehicles. 


A82-29316 Evidence for Pu-244 fission tracks In hibonites 

from Murchiion carbonaceous chondrite. B. S. Rajan (California 

Institute of Technolooy, Jet Propulsion Laboratory, Earth and Space nDimWikl PAGtS IS 

Sciences Div,, Pasadena, CA; Carnegie Institution of Washington, i-r\/ 

Washington, DC) and A S. Tamhane (Carnegie Institution of OF POOR quality 

Washington, Washln>9|>?n, DC; Tata Institute of Fundamental Re- 
search, Bombay, India). Barth and PI»Mtary Seim i f Man, vol. 58, 
no. 1, Mar. 1982, p. 129-135. 15 refs. Grant No. NAGW-38. 


92 SOLAR PHYSICS 

Includes solar activity, solar flares, solar radiation and 
sunspots. 


A82<10156 * VLA observations of solar active regions at 6 

cm wavelength. M. R. Kundu, E. J. Schmahl, and A. P. Rao 
(Maryland, University, College Park, MD). Astronomy and Astro- 
physics, vol, 94, no. 1, Jan. 1981, p, 72-79. 24 refs. NSF Grant No. 
ATM-78-21762; Grants No, NGR-21 -002-1 99; No. NsG-5320; No. 
NsG-398. 

Synthesized maps of two solar active regions obtained from 
observations with the Very Large Array (VLA) with 9^arcsec 
resolution are presented. The most Intense sources in these regions 
are found to be associated with filamentary structures and magnetic 
neutral lines as shown in H-alpha and photospheric magnetograms. 
These sources are not located directly over sunspots in disagreement 
with earlier observations. EUV and X-ray observations have suggested 
that similar structures should be visible at cm wavelengths around 
but, outside of, sunspots if the magnetic field is sufficiently strong. 
These results are consistent with the locations of hot (greater than 
1,000,000 K) plasmas in active regions expected from generalization 
based on optical photographs. Given the sizes of the radio sources, 
the volume emission measures of soft X-rays observed from OSO-8 
rule out the possibility of thermal bremsstrahlung being of any 
significance, as far as the 6 cm emission is concerned. Therefore, 
gyroresonance absorption process is the most likely cause of 6 cm 
emission from these sources, and its likelihood is enhanced by the 
magnetic field geometry that is known to exist over filaments and 
neutral lines. (Author) 
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A82-26003 * Time variability and structure of quiet sun 

sources at 6 cm wavelength. F. T. Erskine and M. R. Kundu 
(Maryland, University, College Park, MD). Solar Physics, vol. 76, 
Mar, 1982, p. 221-237. 14 refs. NSF Grant No. ATM-76-22415; 
Grants No. NGR-21-022-199; No. NsG-398. 

Results are presented of a detailed ii^iidy of quiet sun emitting 
regions at 6 cm and their correspondence with regions observed at 
optica! wavelengths. The Westerbork Synthesis Radio Telescope was 
used to obtain a 12-hr synthesis map of a quiet sun region with a 
resolution of 6 arcsec. Comparison of this map with a Ca(+) K 
filtergram indicates the features on the 6-cm map to correspond to 
Ca(+) K chromospheric networks and cells. In addition, about 72% 
of the magnetic field enhancements observed on photospheric 
magnetograms coincides with 6-cm emissive regions. Intercomparison 
of the 12-hr synthesis map, a 4-hr synthesis map and 6-cm fan beam 
scans along with the Ca(-f) K and magnetogram results reveals all of 
the time-varying 6-cm elements to be located on Ca(-F) K networks, 
and about 40% of them to be coincident with magnetogram 
enhancements. Lifetimes of the time-varying sources vary from a few 
minutes to several tens of minutes, and intensity varies by factors of 
2 to 7. A.LW. 


A82-27323 * Magnetic structure of a flaring region pro- 

ducing impulsive microwave and hard X-ray bursts. M. R. Kundu, E. 
J. Schmahl (Maryland, University, College Park, MD), and T. 
Veiusamy. Astrophysica! Journal, Part 1, vol. 253, Feb. 15, 1982, p, 
963-974. 18 refs. NSF Grant No. ATM-78-2176; Grants No. 
NGR-21-002-199; No. NsG-5320; No. NsG-398. 

Using VLA observations of the IB/Ml flare of June 25, 1980, 
6-cm "snapshot' maps are synthesized. The spatial and temporal 
resolutions during the 9 minutes of the impulsive phase were, 
respectively, 1 arcsec x 2 arcsec and 10 s. Some displacement is 
noted between the locations of the burst source and the preflare loop 
structures seen in the preflare map. The burst peak occurred on the 
neutral line of the preflare polarization map, between the two 
oppositely polarized microwave 'loop' structures approximately 40 
arcsec long. Concurrent hard X-ray observations were made of the 
burst, although these had no spatial resolution. The 6-cm maps show 
the locations of a number of the X-ray burst spikes. The 6-cm burst 
was fully resolved Into at least eight components, many of which 
were bipolar. C.R. 
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compressor rotor wake in end wall regions 
[AIAA PAPER 82-0193] pOOlO A82-22063 

Three (iimensionai flow field inside the passage of 
a low speed axial flow compressor rotor 
[AIAA PAPER 82-1006] pOOII A82-3I964 

Investigation of the tip-clearance flow Inside and 
at the exit of a compressor rotor passage. I - 
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pOO tl &B2- 35281 


Mean velocity field 
[ ASKE PAPIR B2-GT-121 

Tbree-d laensional flow field in tbo tip region of 
a conpressoc rotor passage. II - Turbulence 
proportios 

fAGKE PAPER a2-GT-234 1 pOOII A82-35b16 

In-plane inertial coupling in tuned and severely 
aistuoed bladed disks 

[ASHE PAPER 82-GT-2881 pOOI2 AB2- 35460 

Perfornance of single-stage axial-flow transonic 
ccn pressor with rotor and stator aspect ratios 
of 1*63 and 1.70^ respectively^ and with design 
pressure ratio of U02 

(KAnA-TP-IR74j pCO 17 N02- 19222 

High-speed laser anesoDetor systei for intrarotor 
flow lapping in turboiachinery 

f HASA-TP- 1663 1 pC095 N82- 19521 

Perforraance of single-stage axial-flow transonic 
cCQpressor with rotor and stator aspect ratios 
of 1.63 and 1*77, respectively, and with design 
pressure ratio of 2.05 

fNASA-TP- 20011 pOOia H82- 22269 

Investigation of the tip clearance flow Inside and 
at <:he exit of a coipressor rotor passage 
fNASA-CH- 1690041 p0026 M82- 25253 

A FCRIBAH program for calculating three 

diiensional, inyiscld and rotational flows with 
shock waves in axial coopressor blade rowsj 
lifer's lanual 

r HASA-CR- 25601 pOOOB H82- 26230 

Ihree diiensional flow field inside coipressor 
rotor, including blade boundary layers 
r NASA-Cn- 169120] p009l N82-27686 

Active clearance control systei for a turboiachine 
r 8ASA-CASf-tEW-l29 38- M p0020 NB2- 32366 

Status of laser anenoietry in turboiachinery 
research at the Lewis Research Center 

p0096 H82-32606 

COMPBBSSOBS 

NT CENTRIFUGAL COBPBESSORS 
NT SUPERCHARGER? 

NT TRANSONIC COMPRESSORS 
NT 70BDCCCMPRESSORS 

JTHD high pressure coipressor petforiance 
lipro v'coent 

r KASA-CR- 16553 I ] pO 104 N82- 11467 

Investigation of the tip clearance flow Inside and 
at the exit of a coipnesscr rotor passage 
r NASA-CF- 169004 ] p0026 N82- 25253 

COHCOTITIOI 
N'T CREIT CAICUIATION 

Fill shape calculations on supercomputers 

[ NASA-TM-828561 pO 100 H82- 25519 

COBFOTITIOIIAL FLOID DTHABICS 

The thCGG-diiensional boundary layer on a rotating 
helical blade 

pn009 A82-15459 

Toward the use of similarity theoty in two-phase 
choked flows 

p0089 A82- 16570 

A simple finite difference procedure for the 
vortex controlled diffuser 

CMAA FAPFR 82-01091 p0030 A82- 17788 

Forms of three-dimensional supersonic free .lets in 
linear approximation 

A82- 19196 

ThteG-dioenslonal flow calculations including 
boundary layer effects for supersonic inlets at 
angle of attack 

fAIAA PAPER 82-00611 p0Q05 A82- 19778 

Solutions of the compressible Knvier-Stokes 
equations using the integral method 
f AIAA PAPER R 1-0046 1 p0093 A02- 23832 

Humericai analysis of confined turbulent flow 

p0O93 A82- 24748 

Numerical mcdellinq of turbulent flow In a 
combustion tunnel 

p0093 A82-27000 

KuLtiqrid simulation of asyiptotic curved-duct 
flows using a semi- implicit nuBerical technique 

pOOfO A82- 29003 

Natural convection with combined driving forces 

p0093 A02-31445 

Finite voluiG calculation o£ thrce-diiensional 
potential flow around a propeller 
fAIAA PAPER 82-09571 pOO 10 A82-31933 

Application of a finite element algorithm for the 
solution Of steady transonic Euler equations 
f AIAA PAPER 82-09701 pOO 10 A02-31939 


of iateesaX boat tt^nsf^ir on tdie ^truc^urO 
of blast 

pi0093 A02-32225 

SMlI gas tuebine cpibostor pfiia7:y %m\0 dovolopaeitt 
CAXAA PAPER 82-11591 P^I03 A82-35aj6 

Blu££«>body flaseh older wakss ^ A sisple nuierid&l 
solution 

CAIAA PAPER 82-II77J p0093 A02-35O43 

A coiputational design lethod for transonic 
turboiachinery cascades 

fASME PAPER 82-GT-n71 p0022 A82-35348 

Flow distributions and discharge coefficient 
effects for jet array iapingoaent with initial 
crossflow 

fASME PAPER 82-GT-I56] pOOIl A82-35379 

A study of viscous flow in stator and rotor passages 
fASME PAPER 82-GT-2481 pOOH A82-35427 

Rapid appcoxiiate determination of nonlinear 

solutions - Application to aerodynaaic flows and 
desiqn/optiilzation problems 

p00t2 A82-3557I 

Investigation of rotational transonic flows 
through ducts using a finite eleient scheie 
fAIAA PAPER 82-12671 pOOI2 A82-377M 

A suimary of V/STOL inlet analysis methods 

p0006 A82-40921 

Flow aerodynamics modeling of an BHD swirl 
combustor - Calculations and experimental 
verification 

p0094 AB2-44782 

Comparison of two and three dimensional flow 
computations with laser anemometer measurements 
in a transonic compressor rotor 

fNASA-TM-027771 p0004 M02- 15020 

Bumericai analysis and FORTBAH program for the 

computation of the turbulent wakes of 
turboiachinery rotor blades, isolated airfoils 
and cascade of airfoils 

fNASA-CR-35091 p0006 N82-IBI84 

Development of a locally mass flux conservative 
computer code for calculating 3-0 viscous flow 
in turbomachines 

fHASA-CH-35391 p0007 HB2-222I4 

A new numerical approach for compressible viscous 
flows 

r NASA-CR- 1688421 p0090 N82-22455 

Turbofan forced sixer- nozzle internal flovfield. 
Volume 2: Computational fluid dynamic predictions 

[ KASA-CR-3493 ] Pp09l NB2-22459 

Multiple-grid acceleration of Laz-tfendroff 

algorithms 

[ NASA-TM-028431 pO 149 N82-22922 

Rime ice accretion and its effect on airfoil 
performance 

[NASA-CE- I 655991 pOOOB N82-24I66 

Computer program for calculating full potential 
transonic, quasi-^thcee-dimensional flow through 
a rotating turboaachinery blade row 
[NASA-TP-2030] p0005 N82-28247 

Fast generation of three-dimensional computational 
boundary-conforming periodic grids of C-type — 
for turbine blades and propellers 
CKASA-CH-1655963 p0009 N82-28253 

Flow process in combustors 

f NASA-CH-169294 1 p0092 N82-3I642 

COHPDTBR AIDBD DBSIGI 

Experimental verification of a computational 
procedure for the design of TUT- ref oc user- MDC 

systems Multistage Depressed Collectors 

p00B2 AB2-t6l28 

A new approach to the minimum weight/loss design 
of switching power converters 

pOOeZ A82-I6B31 

Modeling and Analysis of Power Processing Systems 
(HAPPS)* Volume 1: Technical report 

[NASA-CE- 1655381 p0083 N82-1444? 

Coiputec program for aerodynamic and blading 
design of multistage axial-flow compressors 
f NASA-TP-I9461 p0016 NB2- 15039 

Interactive- graphic flow path plotting for turbine 
engines 

C NASA-TM-827561 p0017 N82- 15041 

CA522 - FORTRAN program for fast design and 
analysis of shock-free airfoil cascades using 
fictitious-gas concept 

[NASA-CR-3507 3 p0006 H82- 16044 

Design of supercritical cascades with high solidity 

r NASA-CR- 165600] pOOOT M82-22210 
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rNASA-T«-B286611 pOIOi H82-2B645 

AESOP: A qoBpiiter-atded design pcoqraa Cot Xiooat 

aultlvuiriohXo control syatoas 

r»ASA-THI»9207l ]i p0 l49 MB2-30992 

Autoaat^d procedure for developing hybrid coaputer 
slaulations of turboCan onglnes. Part I; 

General description 

rNASA-'^P-lBSn pOI4$ M82- 33020 

Structural tailoring of engine blades (STABBt) 

r HASA-CP- 167949^ p0028 H82-3339 J 

COHPOTBII GBAPR1C5 

Interactive-graphic flowpath plotting for turbine 
engines 

r HASA-TK-B27561 p0017 M82- 1504 1 

Shaded conputer graphic techniques for visualizing 
and interpreting analytic fluid flow aodels 
[ HASA-Cr- 1684 IB] pO 145 H82- 17800 

Synthetic battery cycling techniques 
TKASA-TW-02945 1 pOI25 NB2- 30715 

COHPOTII HBTBODS 
0 HPUIEB PROGBAttS 
COBP^ITBI PfiOGBAHS 
hi HASTBAH 

NT OPf BATING SYSTErtS (COWEUIEP*^) 

On the autooatic generation of FEM icdels for 
ccBpler gears - A work-ln-progcess report 

p0 109 A82-482i»13 

Integrated analysis of engine structures 
r HASA-TM-827131 pO 1 11 N92-U49I 

Numerical simulation of plasma insulator 
interactions In space# Part I: The self 

consistent calculation 

p0039 N82-14S|1f';‘ 

Numerical simulation of plasma insulator 
interactions in spacer part 2i Dielectric 
effects 

p0039 NB2- 14273 

CAS22 - FORTBAN program for fast design and 
analysis of shock-free airfoil cascades using 
fictitious-gas concept 

[NASA-CB- 35071 p0006 H82- 16044 

Besearch and development program for non-linear 
structural modeling vlth advanced 
time- temperature dependent ccnstltutlve 
relationships 

f NASA-CB- 165533] p0024 N82- 16080 

HodeXing and Analysis of Power Processing Systems 
(HAFPS)* Volume 2: Appendices 

[NASA-CF- 1655391 pO 145 N82- 16748 

Prediction of sound radlatlcn from different 
practical jet engine inlets 

[ N ASA-CP- 165 120] pO 153 N82- 1 68 1 0 

Hybrid and electric advanced vehicle systems 
(heavy) simulation 

[NASA-CP- 1655361 p0163 N82- 16938 

Investigation and evaluation of a compatec program 

to minimize three-dimensional flight time tracks 
[NASA-CB- 1684 19] pO 145 H82- I7B79 

Numerical analysis and FORTBAN program for the 

cemputation of the turbulent wakes of 
turbomachinery rotor hlades, isolated airfoils 
and cascade of airfoils 

f RASA-CH-35091 p0006 »82- 18 184 

Application of an airfoil stall flutter computer 
prediction program to a three-dimensicnal wing; 
Prediction versos experiment 

[NASA-CR- 1685861 p0007 N82-19169 

Investigations of flowfields found in typical 
combustor geometries 

I NASA-CF- 168565] p0090 H82- 19495 

Development of a locally mass flux conservative 
computer code for calculating 3-D viscous flow 
in turbomachines 

[NASA-CB-3539 1 p0007 HB2-222I4 

EIGSTK; A computer code for predicting multistage 
axial flew compressor performance by a meanline 
stage stacking method 

r NASA-TP-20201 pOO 18 N82- 25250 

Additional extensions to the NASCAP computer code, 
volume 1 

[MASA-CP- 1678551 p0146 M82-258I0 

A FORTRAN program for calculating three 

dimensional, in vise id and rotational flows with 
shock waves in axial compressor blade rows: 

User's manual 

f NASA-CR-356n] p0008 N82- 26230 


Bird Impact analysis package for turbine engine 
fan blades 

fllASA-TN-d283l] p01l2 N02-267O1 

Computer program for calculating full potontlal 
transonic^ guasi-thcee-dlmeasional flow through 
a rotating turbomachinery blade row 
niASA-TP-2030] pOOOS M02-28247 

AB50P: A computer-aided design program for llneac 

multiyariable control systems 

rBA5A-TII-8287ll pO140 M02-30992 

Finite element- integral simulation of static and 
flight fan noise radiation from the JT15D 
turbofan engine 

[KASA-TH-029361 p0152 N82-31068 

Large displacements and stability analysis of 

nonlinear propeller structures 

I NAS A-TN-82850 1 pO 1 1 2 N 02-3 1707 

High speed cylindrical roller bearing analysis. 

SfF computer program crBEAH* Volume 2: User's 

manual 

[NASA-CR-165364] p0|46 M82-3I968 

Automated procedure for developing hybrid computer 
simulations of turbofan engines. 

General description 
[NASA-TP-1051 3 
COl^POTBB SZBOLAtlOV 
0 MP0TERI2ED SIrtOiATION 
COttPOTEB STOBAGX OBVICBS 

A generalized memory test algorithm 
[NASA-TH-020743 
G<?i5UtBB SXSTIBS PB06BAHS 
NT OPERATING SYSTEMS (COHP0TBB5) 

COIP8TBB TICHNZQDXS 

The NASA BEBIT program - Developing 
for accurate flight planning 
[AIAA PAPS5 82-^0340 3 
COXiPOTBBlZBO CONTBOL 
0 MERIC AL CONTROL 
COHPOTBBIXBO DBSIGM 
8 HPOTEB AIDED DESIGN 
COIPOTBBISXD SIBDI&TIOri 
NT ANALOG SIMULATION 
NT DIGITAL SIMULATION 

Design and verification of a multiple fault 
tolerant control system for STS applications 
using computer simulation 

[AlAA 6 1-2173 3 p0035 A82- 10 1 24 

Maximum entropy image reconstruction from 
projections 

A82-II053 

Beai-time computer simulation/eBulation for 

verification of multi-fault-tolerant control of 
Centaur-in-Shuttle 

[AIAA 8 1-2283 3 p0040 A82- 13494 

A simple finite difference procedure for the 
vortex controlled diffuser 

[AIAA PAPER 82-01093 p0030 A82- 17708 

yalidation of the NASCAP model using spaceflight 
data 

[AIAA PAPER 82-0269 3 p0038 A02- 17372 

A real time Pegasus propulsion system model for 
VSTOL piloted simulation evaluation 
[AIAA PAPER 81-2663] p0020 A82-1922I 

Mathematical modeling of l^e accretion on airfoils 
[AIAA PAPER 82-02841 pOOI4 A82-27O90 

On the automatic generation of FEM models for 
complex gears - A work- in- progress report 

P0 109 A82-48243 

Oblique-incidence secondary emission from charged 
dielectronics 

p0039 N82-14227 

New features and applications of PRESTO, a 
computer code for the performance of 
regenerative, superheated steam turbine cycles 
[NASA-TP-1954 3 p0l19 N82- 16477 

Rybrid and electric advaoi^ed vehicle systems 
(heavy) simulation 

[NASA-CB- 1655361 p0163 N62- 16938 

Mapping of electrical potential distributions with 
charged particle beams 

[NASA-CR- 1685563 p0084 N82-I8508 

Numerical simulation of one-dimensional heat 
transfer in composite bodies with phase change 
wing deicing pads 

[NASA-CB- 165607] p0002N82- 22142 

Additional extensions to the NASCAP computer code, 
volume 2 

[HASA-CH- 1 670561 p0040 N62-26377 


Part 1: 

pOI46 N82-33020 

p0l46 H82-3I97I 

new concepts 
poo 1 4 A82- I7B94 
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Finite elencnt-lnftpgcal staulalicn of static and 
flight fan noiapi cadiatioa fcci the JT15H 
tuclofap engine 

C«ASA-Tr.-829361 p? H82-3IO60 

Automated proceduce for develoflng hybrid cooputer 
s inula tlons of turbo fan engiiios* pact U 
general description 

f N ASA-TF- I05i ] pO 146 N82-33020 

COflPUTEBS 

WT CTGXTAL CQrtPUtBHS 
KT iniCSID CC'IPUTFRS 
«T rtTCEOCOHriiTERS 
COICEK1BATICE (COBPOSXTIOE) 

!!T rOISlOpF COUTSMT 
COECIEIHATOBS 

SUU systems design and conponent derelcpient for 
the parabolic dish nodule fee solar thecnal 
power systems 

fNASA-CF- 16894 11 PO 135 H82-24646 

DeterBlnailon of o|itiiiios sunlight concentration 
level in space for 3-4 cascade solar cells 
rNASA-T«-82B09] p3!26 H82-32B53 

COMOERSATBS 

Expecinental and theoretical studies of the laws 
governing condensate deposition f con conbustion 
oases 

p0057 A 82^ 28709 

COBDERSATIOR 

Effects of condensation and surface action on the 
sttucturo of steady-state fronts 

A82- 19360 

COIDITIORS 

HT KUXTA-JOUKOHSKI CONDITICH 
CORODCTIRG HBDIA 
II NDIJCTCRg 

CORSDCflyg BEAT TRARSFBH 

lloat transfer in cooled porous region with curved 
boundary 

p0089 A82- 14848 

Self-a laptive closed constrained solution 
algorithns for nonlinear conduction 

p0094 A82-45i57 

Numerical siaulatlon of one-diaensional heat 
transfer in composite bodies with phase change 
wing deicing pads 

r NASA-CR- 1656071 p0002 N82- 22142 

COIDDCTOfiS 

NT ELECTRIC CCNDUCTOFS 
NX ELECTHCLYTES 

NT ICN EXCHANGE rtEHEEANE ELECTRCLYTE5 
NT NOLTEN HALT FLECIROL YTE5 
NX EHCXCCONDUCTOHS 
NT SUPEBCONCUCTORS 

Coaponent technology for space power systeas 

rilAS\-Tt1-e2q2ai p0002 «87-39'^74 

CORFERERCBS 

Syoposiua /International/ on coabustiv^^ 18th, 
University of Hatecloo, Vateclco, ^in-vatl^^/ 

Canada, August 17-22, 1580, PrccecJdlSi^S 

>0056 A82-2865 I 

Spacecraft Charging Technology, 19B0 

r NASA-CP-21821 p0037 H82- 14213 

Proceed inos of the Conx^orence on Hiqh-teBperature 
Electronics 

r NASA-TM-e 40691 pOOSI N82-153I1 

Future propulsion opportunities for comauter 
airplanes 

[NASA-T«-fl2880] pOO Ifl K82- 24203 

COREiaiHCE 
U NVFBGEHCE 
COIFOBHII. BAPFIVG 

Obiigue-incidence secondary emission froa charged 
dielectronics 

p0039 N82- 14227 

COHFORflll TBAHSFOBHATIORS 

0 NFOBWAL MAPPING 

corseby&tior 

NT ENERGY CONSERVATION 

COISERVATIOR LABS 

Multiple-grid acceleration of Lax-Wendroff 
algorithns 

rNASA-TK-82843] p0149 NB2-22922 

CQISIXTOTXOHAL DIA6BAHS 
0 ASR EIAGRAMS 
CORSTITDTITB EQOATIORS 

Hon linear structural and life analyses of a 
conbustor liner 

r NASA-TM-8 28461 pO 11 1 N02-2450I 


RonJlnoar constitutivd theory foe turbine engine 
structural analysis 

P0II2 R82-33744 

COBSTBUCTXOtf 

Study of KUlii^'negawatt technology needs for 
photovoltaic space power systess? Volume I: 
Executive summary 

f NASA-Cli-165323-VOL-l 1 pO J30 H82-14636 

COHStSOCTXOR I? SFACB 
U BXTAl ASSEMBLY 
COiSPflABLfS (3PACBC8ITT) 

NT PROPELLANT STORAGE 
NT STORABLE PfiOPELLAHTS 
COISDflPTlOK 
NT EHEBGY CONSUMPTION 
NT FUEL CONSUMPTION 
CONTACT RESISTANCE 

Foiling resistance of electric vehicle tires from 
tract tests 

rHASA-TH-828361 p0124 NB2-28786 

COBTAHZNANTS 
NT TRACE CONTAMINANTS 
CONTANIIATIOM 
NT FUEL contamination 
CONTOURS 

Analytic Investigation of effect of end-wall 
contouring on stator performance 
[NASA-TP-I943] p0003 H82-I405I 

Comparison of expecimeotal and analytical 
performance for contoured endwall stators 
f NASA-TM-828771 pOOI9 N82-26299 

CONTROL DRVICES 
U NTBOL EQUIPMENT 
CORTROL BQDIPHERT 

The effects of controls and cootcollable and 
storage loads on the performance of stand-alone 
photovoltaic systems 

p0127 A82-45027 

Sensor failure detection system for the FlOO 

turbofan engine 

[NASA-Ca- 1655151 p0023 N82-I3145 

CORTROL SIMOIATIOR 

A tensor approach ^odeliug of nonhomogeneous 
nonlinear systems 

p0 148 A82-19064 

CONTROL SURFACES 
NT EXTERNALLY BLONN FLAPS 
NT GUIDE VANES 
NT JET VANES 

CORTROL THBORT 

The role of modern control theory in the design of 
controls for aircraft turbine engines 
[NASA-TM-828S5] pOOlB N82-22262 

COITROLtr^t AZROSPIBRES 
m AfjnOSFUERES 

Fast recovery, high voltage silicon diodes for AC 
motor controllers 

p0086 A82-36926 

Straight and chopped DC performance data for a 
General Electric 5BI436A1 DC shunt motor with a 
Ger.eraX Electric EV- 1 controller 

f NASA-CR- I 65507 ] p0085 N82-24425 

Summary of electric vehicle dc motor-controller 
tests 

rNASA-TM-828631 p0082 NB2-33636 

CORTECTION 
NT FREE CONVECTION 

Gas turbine ceranic-coated-vaiie concept with 
convection-cooled porous metal core 
[NASA-TP- 19421 p0016 N82- 14090 

COHVBCTXVB FLOB 

sound generated in a cascade by three-dimensional 
disturbances convected in a subsonic flow 
[AIAA PAPER 81-20461 pOI53 A82-I0460 

Heat transfer in cooled porous region with curved 

boundary 

p0089 A82-14848 

Nonlinear Marangoni convection in bounded layers. 

I - Circular cylindrical containers* II - 
Rectangular cylindrical containers 

p0094 A82-39501 

CONVECTIVE HEAT TRAISFER 

Effects of condensation and surface notion on the 
structure of steady-state fronts 

A62- 19360 

An experimental investigaiion into the feasibility 
of a thermoelectric heat flux gage 
CNASA-TM-82755] p0095 M82-I4494 
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Mupiicical ccMpacisons of noDlinoat convec^ence 
accelHtotoirs 

p0|(|9 192*31436 

AccclQcatiuu of convocoGpce of vector sequoncos 
r HASA-7H-8293t] p0t49 HB2- 29075 

^OBTERTIBLIKES 
n 5701 AIFCFA.FT 
COIVIHURS 

A 1D*kH cecioe resonant convrctec design^ 
tcaiisistoc cbacacteti vatldn^ and tase«drivo 
optinlzation 

pOOee A82- 36927 

coifiim 

i:urbulent boundary Inyec heat transfer 

exd^rlaents; Ccnvox curvature effects including 
introduction and recovery 

r NASA*CB-35ni p0090 K92* 17456 

COOLIRG 

HT ATF COCLItIG 
NT FIXM rCCilNG 
NT SWFAa CCCLTNG 

low-thrust Isp sensitivity study 
[NA5A-CF- 1656211 p0045 N82- 22309 

COPPBI 

The orthogonal In-situ lachining of single and 
pclycrystalline aluaintir: and coppecr volune 1 
fNASA-Cn- 1669291 p0076 N82- 24361 

COPPIB AIXOIS 

High tenperature low cycl fatigue nechanisns for 
nickel base and a coppe base alloy 
fNASA-Cb- 35421 p0064 N62-26436 

COBBS 

Core, coapressoc exit stage study. Vcluie 4: Data 

and pcrfornance report for the best stage 
configuration 

r NASA-CP- 1653571 p0023 NH2- 14092 

Coro cospresfior exit stage study. Vcluae 5: 

Design and performance report for the Rotor 
c/Stator E configuration 

f HASA-CR- 1653581 p0023 Nfl2- 14093 

COBICilS BPfICT 

The influence of Coriolis forces oiv gyroscopic 
motion of spinning blades 

fASKB PAPER B2-RT- 163] p0030 A82-35384 

•Coriolis resonance* within a rotating dtJct 
flow induced vibrations in centrifugal conpressocs 

P00 12 A82-3793B 

CORIEB FLOH 

Dilution iet behavior in the turn section of a 
reverse flow combustor 

f AIAA PAPER 82-C1921 p0021 A82-20291 

Erperiiental study of turbulence in blade end wall 
cctner region 

C HASA-CF- 1692831 pC091 H02-3I639 

COBP8SCDLAB B&D1&TI01I 
«T FLICTRCH BEARS 
NT irFRCETIC FAPTIGLES 
MT FELATIVISTIC BLECTBOH BEARS 
CORBEL ATIOB 

NT ANGULAR CORRELATICK 
COBBQSION 
NT RCT COBECSION 

Influence of corrosive solutions on nictoharduess 
and cheitistcy of oagResiup eilde /001/ surfaces 
r HAnA-^P- 20491 p0102 KB2-3169I 

COBBOSIOB PBEVEBTIOB 

Method of protecting a surface with a 

silicon-slurry/aluniinide coating coatings 

for gas turbine engine blades and vanes 
T BA5A-CA5T-L3W- 13343- II p0068 N82*2844 l 

COBBOSIOB EESISVANCB 
NT CXTCATICl! LESISTANCB 

Development of inproved high teaperature coatingsA 
for IN-792 t HP 

r NASA-CF- 1653951 p0063 N82- 14333 

Review of NASA progress in theraal barrier 
coatings for stationary gas turbines 
r NASA-TW-817161 p0058 N82- 17335 

Covering solid, film cooled surfaces with a duplex 
thermal barrier coating 

f NASA -CASE-LEW- 13450- n pOOeS N02-25463 

COBBOSIOll TESTS 

long-terc hiqh-v.ulocitY oxidation and hot 

corrosion testing of several NiCrAl and FeCtll 
base oxide dispersion strengthened alloys 
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axial-flow power turbine with variable-area 
stator designed for a 75-kW aUtoaotive gas 
turbine engine 

[NASA-XM-82644] p0024 N82-21193 



I- 5 1 


CIS IDIBIIIS 


OBlGlNftl- PA® IS 
OF POOR QUAUTY 


SDBJKf XBDBX 


BipeciMc^ntaX perfocaance ot the ceqenecator foir 
the Chr73ler upgraded autoagtlte gas turbine 
engine 

rNASA-?«-826711 pOI20 «82-2l7|2 

Investigation ot soot and carbon tocaatlGn in 
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for agricultural applications in Mexico 
CNASA^CR- 165441] p0}28 H02-1O5O6 

Market assessaeut of photovoltaic power systeas 
for agricultural applications in Morocco 
rNASA-CR- 165477] pO 130 NB2-I4627 

international market assessment of stmod-alono 
photovoltaic power systems for cottage Industry 
applications 

I NASA-CB- 165287] pOI32 NB2-I6494 

Cross-^iapact study of foreign satellite 
communications on NASA's 30/20 GHz program 
[NASA-CB- 165 154] p007B N82-17420 

Market assessment of photovoltaic power systems 
for agricultural applications in Nigeria 

rMASA-CB-I655ll] pO 133 N02- 10698 

Harlcet assessment of photovoltaic power systems 
for agricultural applications in Colombia 
[NASA-CB- 1 65524] p0134 Ha2-22770 

tfotldwide satellite market demand forecast 

rNASA-CR-1679t8J p0079 N82- 25423 

■ASEB IBSOMATOBS 
U SERS 

HASSBS 

Investigation of a comb-type slow-wave structure 
cor millimeter- wave masers 

A82-I836B 

MASS OBXVIRS (PATLOAO DELIVBIV) 

Mass Driver Two - A status report 

p0046 AS2»1S19I 

Has5 driver reaction engine characteristics and 
performance in earth orbital transfer missions 

p0046 A82- 18199 

Characterization of advanced electric propulsion 
systems 
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U DIOACTIVE WASTES 
lOCLZDBS 

NT PLATISdlS ISOTOPES 
NT PLOTONIOH 244 
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Ht APPROZinATIOH 

NT EOONCAPY INTEGBAt MBTHCD 

RT COnPHTATTONAL nojD DZHARTCF 

«t CTPPIBEKCE EQUATIONS 

HT IPPOB AHAtYSIS 

HT FIKXTB CrrFERRMCZ tMEOBY 

MT PTNITE EEErtBNT HETUOD 

KT HBITE VOUIHE EETilOO 

NT ITERATIVE SOLOTlCN 

HT N2WTCK-RAPHS0H nETHOD 

NT KUNEPICAI, IHTEGBATION 

ST EAyLEIGIHRITZ HETllOD 

KT RnAZATIOK 8B’»'HOD (HATRE«ATir«?) 

KUBGcica). anal/slo and FORTPAN ptoqraa for tho 
coBputatloD of the turbalent wakes of 
tucboBachlnery cotor kladcs, Icolatod airfoils 
and cascade of airfoils 

[ NASA-CR-35091 pOCOe N02- 18184 

Gecvetry and starvation effects in hydrodynaaic 
I ubclcnklon 

[KASA-Tn-a28071 p0042 K82- 20240 

A now nuaerical approach for coapresslble viscous 
flows 

r SASA-CR- 1688421 p0090 M82- 22455 

Boundary-layer effects In coaposlte laalnates: 
Pcee-edqe stress slnq ularltles, part 6 
[NASA-Cn- 1654401 pOM4 HO2-267I0 

Three dimensional flow field Inside coapressor 
rotocr includinq blade boundary layers 
[SASA-CE- 169 1201 p009| H82- 27686 

Turbulent Solution of the Kavler-S tokes equations 
for unifora shear flow 

r NA3A-TM-829251 p00B9 H82-32634 

lOfllBICAL CCRTBOL 

Desiqu Study of a contlnuoucly variable roller 
cono traction eVT for eloctriG vehicles 
f NASA-CP- 15984 11 pO 105 N82- 12445 

BOHBBICAl. now fI50 AllZATIOB 

Nuaerical analysis of ccnflned turbulent flow 

p0093 A82-24748 

NuBucical nodelllnq of turbulent flow in a 
coahustlon tunnel 


p0093 

Nunerlcal nodelinq of turbulent coabustion 
prealied qases 

p0056 

BUHBBXCAL ZBTEGBATIOB 

Application of integration algorlthas in a 
parallel pcocessinq enviccnaent for the 
simulation of jet engines 
f NASA-TN-e2746 j pO 149 

BDflBBlCAl STABILITY 

Self-adaptive closed constrained solution 
algorlthas for nonlinear conduction 

p0094 


A82- 27000 
in 
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H82- 14849 
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0 BIBG SEALS 

EfCect of seals on cotor systeas 

r NA5A-Tn-e27861 p0099 NB2- 16411 

OILS 

IJT FUFL oil? 

NT LtipniCATING O^LS 
HT NINKEAL OILS 

rteasucoaent of oil film thickness for application 
to olastoaerlc Stirling engine tod seals 
r ASflE PAPER 81-1110-91 pOI07 A02- 18426 

ONBOARD DATA PROCESSIB6 

Dycanic switch aatrix for the TEHA satellite 
switching systea 

I AIAA 02-04581 p0085 A82- 23494 

Easehand-processed SS-TOHA coaounlcation system 
architecture and design concepts 

f AIAA 82-04821 pOC79 A02- 23508 

3V20 007, demonstration system fee iapcovlnq orbit 
Utilisation 

pnOBO AB2-27169 

Open- loop nanosecond-synchronization for wideband 
satellite coanunicatlons 

p0036 A82- 27224 

olisotBbpt 

0 ISOTnOPY 

OPBB CIBCOIT VOLTAGE 

rtulti junction high voltage concentrator solar cells 

p0043 AD2- 11796 

Moderate teaperature Ha cells, IV - VS2 and 

MhS2C12 as rechargeable cathodes In aolten HaAlC14 


pOOSS A82- 15743 

Advances in high output voltage sllicoD solar cells 

p0l27 A82-44942 

Pabricatiod of saltljuDction high voltage 

concentrator solar cells by integrated circuit 
technology 

pOI27 A02-44957 

OtBBXBGS 

BT APEBTOBES 

OVIBATZBG SXSZBIIS (COIBOXIBS) 

Ricroprocossor control systea for 200-kllowatt 
Hod-OA wind turbines 

[NASA-TM-8271 I] pOI20 H82*2I710 

OVBtATXBG TERPVBAXOBX 

Research reports Usor^s sanual for cosputer 
prograa ATOlyOOS SUADEaTU* Steady state and 
transient theraaX analysis of a shaft bearing 
systea including ball, cylindrical and tapered 
roller bearings 

C K AS A-CB- 1653651 pO 1 4 6 H 82-3 1 969 

OVITHALH0L06I 

Veiling glare reduction aethods coapared for 
pphthalaic applications 

P0I43 A02- 13289 

OmCAL DATA PB0CISSIB6 

Ezperiaental boundary Integral equation 
applications in speckle interferoaetry 

p0097 162-36987 

Bole of optical coaputers In aeconaotical control 
applications 

p0156 B82-I5897 

OPTICAL XQOZBBBBT 

MT COLLIHATOBS 

MT LASER DOPPLER VELOCXHETEBS 
MT vV^vflCAL BEASORIMG IMSTRUREMTS 
NT OPTICAL SCAMHEBS 

A digital optical toegueaeter for high rotational 
speed applications 

CMA5A-TR-829141 p0095 K82-3I664 

OPTICAL GXBEBATOSS 
U SBH CAVITIES 

OPTICAL HEASaRIBG IB5TIBBBITS 

NT OPTICAL SCAMHEBS 

Optical tip clearance sensor for aircraft engine 
controls 

[AXAA PAPER 62-11311 p0015 A82-3769I 

OPTICAL PBOPUTXES 
MT BIBEPBIMGBMCE 
NT PHOTOVOLTAIC EFFECT 
MT REFLECTAMCE 
NT BEFBACTIVITI 
HT TRAHSHITTANCE 

Ion bean alcrotexturing and enhanced surface 
diffusion 

[HASA-Ca- 1679481 p0065 MB2-3I509 

OPTICAL PDflPIBG 

Optically puaped high-pressure PF-C02 transfer laser 

A82-10I93 

OPTICAL SCABBBSS 

Reliable aerial theraography for energy conservation 
[NASA-TM-8 17661 pO 1 17 N82- 14552 

OPTICAL SBBSOBS 
(i TICAt HBASUHXNG XNSTRDRENTS 

OPTIBAL CONTROL 

AESOP: A computer-aided design program for linear 

Buitiv&riable control systeas 

rNASA-TH-828711 pO 148 H82-30992 

optxhixatiob 

NT OPTIMAL CONTROL 

Optlaal tooth nuabers for coapact standard spur 
gear sets 

tASMB PAPER 8I-DET-M51 pO 103 A82- 19335 

Power systea design optimization using Lagrange 
multiplier techniques 

p0085 A82-20743 

The use of optimization techniques to design 
controlled diffusion compressor bladinq 
[ASRE PAPER 82-GT-1491 p0022 A82-35373 

The use of optimization techniques to design 
controlled diffusion coapret>c >r bladinq 
fNASA-TM-827631 p0016 N82- 14094 

Mathematical aodels for the synthesis and 

optimization of spiral bevel gear tooth surfaces 
— for helicopter transmissions 

[NASA-CR-35531 pO 106 N82-255I6 

Optimization of the oxidant supply system for 
combined cycle MHD power plants 

f NASA-Ta-829091 pO 123 N82-26790 
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the optical doslqn of InToLute qvar teeth vith 
unequal uadenda 

r NASA-TR-02B661 pOIOI a02- 28645 

OBfiaoa coitioi 

0 TlHAl CCWTROL 

oiBXT cAtcoimoa 

Integrated propulsion for near^facth space 
eissionsr Voluse 2; Technical 
C aiSA-CE-167809-VOWI p0046 HB2- 33425 

OIBtt SraCTlOH dtiiizitioi 

Planning satollite conn un lea tloB services and 
spectruB-erbit utilization 

TAIAA 82-05261 p0080 A92-23538 

30/20 GHz demonstration systoa for laproving orbit 
utilization 

pOOBO A82-27I89 

OIBZT 1SAVSIEK VBHXCLBS 

lov*”thrust choKicnl propulsion systea punp 
technology 

CMASA-CR- 1652 19] pOIOS N82- 13427 

Large Space Systeas/Pcopulsion Interactions 

r HASA-T8-829041 p0042 H82- 27350 

OBBITAI. ASSRRBLf 

Centaur capabilities for ccaaunications satellite 
launches 

fAIAA PAPBR 82-0550) p0O34 A02- 36206 

OIBXTAI lADHCRIIG 

Beal-tlae coaputcr siaulatlon/cBUlatlcn for 
verification of nulti-fault-tcletant control of 
Centaur-in-shuttle 

TATAA 01-2203] p0040 A02- 13494 

OIBXtAX 3RAWSPBI 
D ANSTER ORBITS 
OBBItlVC SATELLITES 
U TTF3CIA1 SATELLITES 
OBBXTS 

HT EARTH ORBITS 
ST GEOSIHCHEOEOOS QHBITS 
NT EOIAR ORBITS 
NT SATELLITE ORBITS 
NT SPACECRAFT ORBITS 
NT TRANSFER ORBITS 
OBES 

U NIBALS 

ORGIIIC CORPOONDS 
NT CBGANIC SULPOR CORPOONDS 
NT CUIHOLINE 
0I61IIC SOLFUN COHPOniDS 

laprovod boundary lubrication with foranlated C- 
ethers 

rNASA-TR-82808] pOC67 N82^ 20313 

OBGIIOBBTAILIC COHPOQIDS 

oa-VPE gcovth of Rg-doped GaAs 

OrganoRetallic-yapoc Phase Fpltazy 

p0 159 A82-38Un 

OBIPICE FLOE 

Flow through axially aligned sequential apertures 
of the orifice and Borda types 

[ nSKE PAPER BI-HT-79] pOO09 A02- 10964 

Flow through aligned sequential orifice type inlets 
[NASA-TP-1967] p0087 N82- 20467 

Flows through sequential orifices with heated 
spacer reservoirs 

C NASA-TR-02055 1 POO08 N82-24455 

OIIFICFS 

The velocity field near the orifice of a Helaholtz 
resonator in grazing flow 

[ NASA-CR- 168540] p0153 H 02- 1899 4 

ORTHOTBOFIC PLATES 

notion of a rigid punch at the boundary of an 
ortho tropic viscoelastic half-plane 

A82- 26436 

OSCILLATIMG FLOB 

Two dinonsional stagnation point flow of a dusty 
gas near an oscillating plate 

p00l2 A82-37535 

An experinental investigation of gapwise 

peciodlcltY and unsteady aercdynaaic response in 
an oscillating cascade* Voluae 2: Data report* 

Part t: Text and node 1 data 

[ NASA-CR- 165457-VOL-2-PT-I ] p0006 N02- 18180 

OSCXILATIOIS 
NT WING OSCILLATIONS 
OSCILLATORS 
NT RAGNETRONS 
OTf 

0 BIT TRANSFER VEHICLES 

OZIDATXOB 

NT ELICTROCFEHICAL OXIDATION 


Strength distributions of siC ceraaics after 
osidation and oxidation under load 
[ ACS PAPER 9-C-80C) p007 I 182-20143 

Detection of a change in the oxidation state on 
alualnuB surface using angular correlation of 
positron annihilation radiation 

A82-30374 

Effects of oxidation and oxidation under load on 
strength distributions of Si3M4 

[AC5 PAPER 69-B-80] p0071 A82-35871 

Theia^l fatigue and oxidation data of TAZ-8A and 
R2a alloys aid variations 

[NASIi-CR-?D5407) p0063 R02-IOI93 

Thernal oxidative degradation reactions of 
perfluoroalkylethecs 

C N ASA-CH- 1655 16 1 p0048 M82- 1 2135 

oxidation and forsation of deposit precursors in 
hydrocarbon fuels 

fMASA-CB- 1655341 p0073 M82- 18402 

Theraal and Oxidative degradation studies of 
foraulated C-etbers by gol-peraeation 
chroaatography 

lHASA-TP-19941 p0068 1182-21332 

Rethod and apparatus for strengthening boron fibers 
— high teaperatuco oxidation 

[RASA-CASE-LEN- 13826-1] p0050 R82-26385 

Theraal oxidative degradation reactions of linear 

perfluoroalky lethers 

CNASA-TR-B2034] p0068 N82-26468 

Solute transport during the cyclic oxidation of 
Bl-CC-Al alloys 

[ NAS A-CR- 165544] p0064 N02-27462 

Effect Of some nitrogen coapounds theraal 
stability of jet A 

[ NASA-TH-a29081 p0072 N82-275I9 

OXIOATXOR RSSISTABCB 

Xaproved plasaa sprayed RCrMX coatings for 
aircraft aas turbine applications 

p0065 A82-20742 

Inexpensive cross-linked poly aerie separators aade 
fcoa water-soluble polyacrs for secondary 
alkaline nickel-zinc and silver-zinc cells 

p0048 A82-23778 

Oxidatipj$ A^tability of advanced reaction- bonded 
Si 3$ 4 materials 

(ACS PAPER 52-B-80P.1 p0074 A82- 33030 

Ceramic theraal barrier coatings for gas turbine 
engines 

(ASHE PAPER 82-GT-265] p007 I A82-3544I 

Long-tern high-velocity oxidation and hot 

corrosion testing of several NlCrAl and FeCrAl 
base oxide dispersion strengthened alloys 

p0062 AB2-371SI 

Developaent of iaproved high teaperature coatings 
for IK-792 ♦ BF 

[NASA-CR- 165395) p0063 N02- 14333 

Review of NASA progress in thermal barrier 
coatings for stationary gas turbines 
rNASA-TM-8i7l6j p0058 NB2- 17335 

Tailored plasaa sprayed HCrAll coatings for 
aircraft gas turbine applications 
[NASA-CR- 165234) p0064 H82- 19360 

Improved theraal barrier coating systea 

[NASA-CASE-LBH-13324^ 1] p0060 N82-26431 

Nicral ternary alloy having Improved cyclic 
oxidation resistance 

(NASA-CASE-LEH- 13339-1) p006 1 N82-3 1 505 

OEZOATXOB-SBDOCTZOI BBACTIOIS 

Rethod of aaking foraalated plastic separators for 
soluble electrode cells 

tNASA-CASE-LEH-12358-2) p0054 N82-2I266 

Chen leal and electrochealcal behavior of the 
Cc(3)/Cr{2) half cell in the NASA Redox Energy 
Storage Systea 

[NASA-TM-82913) p0055 N82-33463 

OXZDB FUSS 

Oxidation stability of advanced reaction-bonded 
Si3N4 materials 

[ACS PAPER 52-B-80P) p0074 1B2-33030 

Electron bean induced daaage In XTO coated Kapton 

— Indiua Tin Oxide 

p0l59 A62-4I546 

Effect of oxide filas on hydrogen pecaeabllity of 
candidate Stirling engine heater head tube alloys 
[ NASA-TH-82a24) p0060 N82-24323 

OXIDBS 

NT ALORXNUR OXIDES 
NT CARBON RONOXIDE 
NT HYDROGEN PEROXIDE 


A- 78 


SIIBJBCt XiDII 


ORIGINAL PAGE fS 
OF POOR QUALITY 


VATLOiD XB^I«l&TXO|i PLAI 


JiT hagnisiuw OXIDKS 
Ht PETA!* OXIDES 
]|T KTTRIC OXIDE 
HT KITHOGEK OXIDES 
HT HITPOOS OXIDES 
nt CDAP1Z 

SIUCON DIOXIDE 
IIX TIN OXIDES 
HT I^TTRinw OXIDES 
HT EIKCCNIOH OXIDES 

InvpstiqatioD into the tolfi NaCl doposlfcod on 
oxldo and ifttal substrates in the initiation of 
corrosion 

r NAS?i-rr- I6S0291 pC063 1*02-13217 

OXIDIZEfiS 

NT ITQDID oxinizrps 

NT LICUID OXYGEN 

Optimization of the oxidant supply systen foe 
c cabined cycle MHD power plants 

[ URSA-T«-e29091 pOI29 H82- 26790 

OXTUKTLiTXOR 
0 KYIATION 
OXYGII 

NT LICUID OXYGEN 
NT CZCNE 

The effect of oxygen coccentra ticn cn the 
boundary-lubuicatinq characteristics of a C 
ether and a polypbonyl other tc 300 C 

p0070 AB2-2I699 

NHD oxidant interaedlate teiperatnre ceraaic 
heater study 

fNASA-CF- 165453] pOI31 N82- 15527 

OXYGm PIOODCTIOH 

Optiaization of the oxidant supply system for 
coBbinrd cycle HHD power plants 

rNASA-Ttt-029091 p0123 N82-26790 

OXTGEII S0PPX.Y EflOIPRERT 

Besonance tube hazards In oxygen systems 
rNASA-TK-028OI| p0072 N82-2I4I5 

OXYGII SYSTEMS 
U YGEN SOEELY EQUIPMENT 
OZOIB 

An autoaated systca for qlobal ataospherlc 
saaplina using 0-747 airliners 

[ NASA-CK- I65764] pDI39 N82- 13554 

Ozone and aircraft operations 


CXOIOMBTIT 

Ozone and aircraft operations 


pOOOl N02-21145 


pOOOl N32-21145 


P-I-1 DXODES 
D I-N JUNCTIONS 

P-I^l JOMCTIOiS 

h theory of the n-i-p silicon solar cell 

p0 128 A02-i:5055 

High voltage 7- groove sclar cell 
r KASA-CAS2-IEW-I340 1-2] p0123 H02-24717 

PiCXAGIIG 

NT ELECTRONIC PACKAGING 

Developacnt of thin wraparound iutictlon silicon 
solar cells 

rNHni\-CR- 16*^570] pO 133 N82- 18689 

PACKET SilTCHIiG 

wideband, high speed switch matrix devolopaent for 
SS-TDHA applicatiens 

p0086 482- 43784 

PACKET TEAISRISSIOM 

NT PACKET SWITCHING 

PAD 

A pad perturbation method for the dynamic 
coefficients of tllting-pad ioatnal bearings 

pOMO A82- 14400 

PAPER (HATEBIAL) 

Collection and dissemination of thermal energy 
storage system information for the pulp and 
paper industry 

pO 136 N82-24686 

PARABOLIC REFLECTORS 

Subsystems design and component development for 
the parabolic dish module for solar thermal 
power systems 

r NASA-CR- I6B94I] pO 135 K02-24646 

Coaxial prime focus feeds for paraboloidal 
reflectors 

INASA-CP- 167934] ^ p0078 N02-31585 


PAIALLEL FLO0 

NT PIPE PLOW 

NT THREE DIMENSIONAL FLOW 

Comparison of two pacallel/series flow tuebofan 
propulsion concepts for supersonic V/STOL 
fAIAA PAPER 81-2637] p0020 A02-19214 

PAIAIXEL PROCBSSXKG (COMPOTE IS) 

Application of integration algorithms in a 
parallel processing environment for the 
simulation of jet engines 

CNASA-TM-a27461 p0I49 N82- 14049 

PAIABAGIIETXC AMPLIFIERS 

0 SEES 

FAIAHITBI IDBITiriCATXOV 

Modeling parameter influences on MHD swirl 
combustion nozzle design 

fAIAA PAPER 82-0984] pOOII A02-3I947 

A iokw series resonant converter design^ 
transistor characterization ^ and base-drive 
optimization 

r NAS A-CR- 165546 ] p0084 H82- 17439 

Shaded computer graphic techniques for visualizing 
and interpreting analytic fluid flow models 
rKASA-CH-I68410] pDI45 N82-I7880 

Identification of multivariable high performance 
turbofan engine dynamics from closed loop data 
C NASA-TM-82785 ] p0076 H02-2O339 

PABAHBXEBIZATIOB 
NT PARAMETER I DENIIPICAXIOK 
PARTIAL OIFFERERTZAL BQBATXOBS 
NT HELMHOLTZ VORTICITY EQUATIOt 
PARTICLE BEAMS 
KT ELECTRON BEAMS 
NT ION BEAMS 

NT RELATIVISTIC ELECTRON BEAMS 

Mapping of electrical potential distributions with 
charged particle beams 

[NASA-CH-168556] p0084 MB2-I8508 

PARTICLE OBRSZTX (CORC1:rTIATIOI| 

NT ELECTRON DISTRIBUTION 
NT ION DENSITY (CONCENTRATION) 

NT MAGNETOSPHEHIC ION DENSITY 
PARTICLE DIPPQSIOB 

Bxf arlmental and theoretical studies of the laUr 
governing condensate deposition from combustion 
gases 

p0057 A82-28709 

PARTICLE EMISSION 

NT ELECTRON EMISSION 
NT SECONDARY EMISSION 
PARTICLE IITBRACTIOBS 
NT ELECTRON CAPTURE 

PARTICLE HOZIOM 

Three-dimensional relativistic field-electron 
interaction in a multicavity high-power 
klystron* 1: Basic theory 

[NASA-TP-1992] pooei M82-22439 

PARTICLE TRACKS 

Evidence for Pu-244 fission tracks in hlbonites 
from Murchison carbonaceons choodrite 

pOI66 A82-29316 

PARTICLE TRAJECTORIES 
NT ELECTRON TRAJECTORIES 

Mapping of electrical potential distributions with 
charged particle beams 

fNASA-CR- 168556] pOO04 N82-IB508 

PARTICLES 
NT AEROSOLS 
NT ANIONS 
NT ARGON PLASMA 
NT CHARGED PARTICLES 
NT CYLINDRICAL PLASMAS 
NT ELECTRON BEAMS 
NT ENERGETIC PARTICLES 
NT PLASMA SHEATHS 
NT PLASMAS (PHYSICS) 

NT RELATIVISTIC ELECTRON BEAMS 
NT RELATIVISTIC PARTICLES 
NT SOOT 

PASSBR6BR AIRCRAFT 

NT BOEING 747 AIRCHAPT 
NT DC 10 AIRCHAPT 

Lightweight diesel engine designs for commuter 
type aircraft 

fNASA-CR- 165470] p0023 MB2-IIO60 

PAYLOAD IITBGIATIOI PLAR 

Cryogenic fluid management experiment 

[HASA-CR- 165495] p0039 M82- 15 1 1 7 
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VAtLOACS 

NT SPJ^CE SnUTTLT. PAnO^OS 
NT *?PHCE0CPHB EAPEBTHEHTS 
NT SPACILAP PAttOADP 
fDH (B^DDIATIOI) 

ii xsB oimmoH noduiatxon 

fBARS (XAMDrOBBS) 

Thf> dovelopsent of contra! in lunac ccators 

A82-I4333 

PBBIIM6 

NT SHOT PERNING 

PBGASOS ENGINE 

U I5?TOL-r,tCDEXEY US 51 ENGINK 

PBBCENTAGB 

II TIOS 

PBIPLUOflO COIIPOONDS 

Thotiial oNidativu daqradation coactions 
pcrfluoroalkylothnco 

r NAnA-CP-!655l61 pC04U H02-I2I35 

Thoraal cNi dative dociradation reactions of ilimac 
pecfluoroaXKy lethocs 

C NASA-’^M- B 2B34 1 pn06B N82- 26468 

PEBPOi NANCE PREDICTION 
HT PPEOICTICH AKAtXSIS TECHHICUTS 

A heat cNchanqoc coaputatlcnai procedure for 
teaperatuco-dependent foulinq 

r ASnR riPin Q1-HT-751 p0092 AB2-1096 I 

On the pEoiUction o£ svirllnq flovfields foond in 
axleyaKotclc coabustot qeoaetrios 

pC029 AQ2-t2t20 

Rea ou resent and prediction of aean vdXoclty and 
turbulence structure In the near vako of an 
air^il 

pOOlO A82-26I37 

Perfotaance doqradation of propelXer/rotor systeas 
due to rlae Ice accretion 

T AIKA PAPER B2-02861 pOO I4 A82-- 28322 

SaaXX qas turbine coabustor priaary tcone deveXopaont 
[MAA PAPER 8 2- 1159 T pOIOI AB2- 35036 

Jet laplnqcBQut boat transfer enhancoaent for the 
Gfa-3 sticllnq enqlne 

r NASA-Tn-027271 pOI63 N82-1I993 

Sph erica! r oiler tear in q analysis* SKP coaputor 
pcoqran SPHKRREAN* Veluae 1: AnaXysls 
r NASA-CP- 1652031 p0106 \U^>20540 

Spherical colXer tear in q analysis. SKF coap«:;iur 
proqraa SPHRRBEAN^ Voluae 2: User's aamiaX 

r NASA-CP- 165204] p0106 N82-20541 

Nonlinear constitutive theory Cor turbine enqine 
structural analysis 

p0112 N82- 33744 

Thoorotical and Qxportasr.tal power Crop larqo 
horizontal- ax is wind turbines 

fNASA-TN- 82944] p0127 N82- 33030 

fBIPORNANCB TB89S 

Experiaontal verification of a computational 
procedure for the design of T«T-refocusec*^HDC 

systems Multlstaqe Depressed Collectors 

p00R2 A82- 16120 

An expociiRent to evaluate liquid hydroqon storage 
in space 

A02- 20740 

Env IconaoutaX effects on sclar concentrator aicrors 

A82- 23394 

Ceramic thoraal barrier coatings for qas turbine 
Qiiqines 

f ASHE PAPER B2-GT-2C5] p0071 A02- 35441 

Pcoasuro pulsations above turboaolecular puaps 

pOC76 A82-46430 

Effect of. fuel injector type on pecforianco and 
t'Bifisions of reverse- flow ncabustor 
[ NASA -TP- 19451 pOO 16 N82- 15040 

Evaluation of wind tunnel performance testings of 
an advanced 45 deq swept 8- bladod propeller at 
f'acb numbers fton 0.4 5 to 0.85 

f NASA-CH-3505] p0007 N82-19I70 

Pceliminacv results on per for nance testing of a 

turbochaeqed rotary combustion engine 
fNASA-TR- 027721 pOOIT NR2-2I194 

Experimental performance of the regenecator fpc 
the Chrysler upgraded automotive gas turbine 
engine 

rNA5A-^T«-B267n pQl20 002-21712 

Small passenger car transmission test; Rerci:ry 
I.ynx ATI transmission 

[NASA-CR^ 1655101 p0106 N02-24496 

Results of choppec-conttolled dlschacqo life 
cycling studios on lead acid batteries 
r NASA-TW-62912] pO 124 N82- 30700 


Coraaic applications in turbins engines 
CKASA-CR-1651971 p0l64 N82-31I50 

VBtrasiON 
U FEOSIOM 
fBBXOD BC'^ilXONS 
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Anicn pecnoeloctivc neabranc 

TNASA-CP- 1678721 pOJ37 NB2-3Q7II 

POLTHEBS 

Anaerobic polymers as high yacuiiii leaK sealants 

pOIOB A82-2I967 

fOLTPHEIITI BTBEB 

The effect of oxygen concentraticn on the 
boundary-lubricating characteristics of a c 
other anl a polyphony! ether to 300 C 

p0070 A82-2I699 

Improved boundary lubrication with foraulated C- 
ethers 

r NASA-'’’K-8289fl] p0O67 N82- 20313 

POLTTETBAFinOBOETaTLlME 

Perforoanen of PTPE-llned cemposite journal bearings 
[ASLE PREPRIK'^’ 32-AH-lA-ll p0|04 A82- 37854 

Performance of PTPE-lined composite joucnal bearings 
r NASA-TE-827791 pOO40 N92- 17263 

Evaluation of left ventricular assist device pump 
bladders cast from ion-sputtered 
poly tetrafxuor ethylene mandrels 

C NA5A-CP- 167904 1 pO 142 N82- 23976 

FOLTOBETBAIS; POAIl 

The acoustical Structure of highly porous 
open- cell foams 

pOI54 A82-45I65 

POLIfllTI, AlCOHOL 

Inc xp on si VO cross-linked polymeric separators ms,de 

from water-soluble polymers for secondary 

alkaline nickel-zinc and silver-zinc cells 

p0048 A82- 23778 

Cross-linked polyvinyl alcohol films as alkaline 
battery separators 

r N ASA-TW- 6 280 2 1 p0054 N82- 2232 7 

POBOOS HATEBIIIS 

The acoustical structure of highly porous 
open-cell foams 

p0 154 A82-45165 

Development of low modulus mats rial for use In 
ceramic gas path sea! applications 
fNASA-CP- 1654691 p0022 N82- 10039 

Icing tunnel tests of a composite porous leading 
edge for use with a liguid anti-ice system — - 
lewis icing research tunnel 

[ NASA-CR- 1649661 pOOlU NB2- 11052 

Castable high temperature fcactocy materials 

r NASA-CASr-LEW- 13080- 21 p0066 N82- 11210 

Gas turbine ceramic-coa ted- vane concept with 
convection-cooled porous metal core 
r NASA-TP- 19421 pOOI6 N82- 14090 

Composite seal for turhe#. -cbinery 

r «ASA-CAGE-LEW- 12131-31 p0099 NB2- 19540 

POBOOS BALLS 

Thermal and flow analysis of a convection, 

air-cooled ceramic coated porous metal concept 
for turbine vanes 

r ASKR FAPEP Bl-HT-431 p0020 A82- 10952 

Heat transfer in cooled porous region with curved 
boundary 

p0069 A82- 14848 

POSITBOM ABHIHXLATIOif 

Detection of a change in the oxidation state on 
aluminum surface using angular correlation of 
positron annihilation radiation 

AR2- 30374 

FOTEITIAL EHEBGf 

NT ELfCTRTC POTENTIAL 
NT OPEN CIRCUIT VOLTAGE 

POTEBTIAL FLOW 

Finite volume calculation of three-dimensional 
potential flow around a propeller 
rflIAA lAPER e2-C9571 pOO 10 A82- 3 1933 

Mode propagation in non uniform circular ducts with 
potential flow 

[ NASA-'rn-627661 pO 1 5 1 N82- 1488 I 

Computer program for calculating full potential 
transonic, guasi-three-Oimensicnal flow through 
a rotating turbomachinery blade row 
[ NASA-TP-20301 p00C5 N02- 28247 

POIDEB (PABTICLES) 

NT METAL PQWDER 


fOroU i^lTALLOBCf 

Vhe ceablned effects of Fe and 82 on the 
nitcidahion of silicon 

p0070 A82-42924 

Applications of high- temperature powder metal 
alumiuu!i alloys to small gas turbines 

pP065 A82-48244 

Trends in high temperature gas turbine materials 
C MASA-TM-827153 p0058 B82- 11182 

Effect of aluminum phosphate additions on 

composition of three-component plasma-sprayed 
solid lubricant 

fHASA-TP- 19901 p0059 882-21298 

Hot isostatically pressed manufacture of high 
strength REEL 76 disk and seal shapes 
[HASA-Ca-165549] p0064 H82-26439 

POIDEBED HSThLS 
U TAL POHOEB 

POIBB AHPLZFZBBS 

IHPATT power building blocks for 20 GHz spaceborne 
transait amplifier 

TAIAA 82-04981 p0086 A82-23S66 

ffOBBB COBOITIOBIB6 

nigh power solar array switching regulation 

p0043 A82- 11736 

Component technology for space power systems 

[XAP PAPEfi 82-408] p0043 A82-44750 

High-freguency high-voltage high-power DC-to-OC 
converters 

p0083 882-12347 

Modeling and Analysis of Power Processing Systems 
(RAPPSl* Volume I: Technical report 

fNASA-CR- 165538] p0083 N82-I4447 

Hodelinq and Analysis of Power Processing Systems 
(MAPPS)* Volume 2: Appendices 

rWASA-Cn- 165539] p0145 H82- 16748 

Power systems 

pOOOl Me2-I9l46 

Power systems 

pOOOl H82-I9146 

POBBB COBVBBTBBS 

Analysis of transistor and snubber turn-*o££ 
dynamics in high-freguency high-voltage 
hlgh-power coovecters 

[NASA-CR-I687601 pOO04 N82-22438 

Development of a dual-fiald heteropoplar power 
converter 

fNASA-Cfi-165168] p0084 H82-24424 

POBBB DBBSZTI (BLBCXBOBAGBETZC) 

0 DIANT FLUX DENSITY 

POBBB BPFZCXBBCI 

Shuttle to GEO propulsion tradeoffs 

{AiiA PAPER 82-1245] p0034 A82-35082 

On the cause of the flat-spot phenomenon observed 
in silicon solar cells at low temperatures and 

low intensities in deep space environments 

p0043 A82-39599 

summary and evaluation of the conceptual design 
study of a potential early commercial HHD power 
plant (CSPEC) 

[NASA-TM-82734] pO 1 1 9 N82-1648I 

Straight f; id chopped DC performance data for a 
General Electric 5By436Af DC shunt motor with a 
General Electric EV-1 controller 

[NASA-CU- 165507] pOO05 N82-24425 

POBBB GAZM 

On a f cee-electron-laser in a uniform magnetic 
field - A solution for arbitrarily strong 
electronagiietic radiation fields 

A82^2B409 

Variable gain for a wind turbine pitch control 

[HASA-TM-8275 I] pO 1 19 N82- 16470 

POBBB GEBEBATOBS 
U ECTBIC GENERATORS 
POBBB PBOCBSSXBG SXSTEHS 
0 BER CONDITIONING 
POBBB SOPPLX ClfiCDITS 

A new approach to the minimum weight/loss design 
of switching power converters 

p0082 A82- I683I 

Power system design optimization using Lagrange 
multiplier techniques 

p0085 A02-2O743 

High voltage DC switchgear development for 
multi-kW space power system: Aerospace 

technology development of three types of solid 
state power controllers for 200-1 100 VDC with 
current ratings of 25, 50, and 80 amperes with 
one type utilizing an electromechanical device 


A-M 




SOBJECt »DB1 


ORIGINAL PA6S IS 
OF POOR QUALITY 


rtxmi BxicaAn 


c nSK-cn- I65ft 131 P0083 M82- 13357 

PreXiBlnary 'study# analysis and design for a power 
switch for digital engine actuators 
CNASA-CE- 1595591 p0085 1182-23394 

fOIIIVD UfT AllCH&rt 

0C52E owor-the-Vlnq engino acoustic data 

r NASA-TK-82700] p0020 H02- 29 3 24 

iIBBDRRIBS 

FuQl/oridizer-rich high-pressure preburners ~ 
staged-coabustion rocket engine 

r NASA^CB- 165404 1 p0073 H82- 10245 

Testing of fuel/oxidizer-rich# high-pressute 
prekurners 

fNAfA-CR- 1656091 p007^ M02- 24353 

PIBCXPITmOl (HBTIOBOLOGr) 

HT BAIN 
NT SHCH COVER 

Illustration of a now test for detecting a shift 
in Bean in precipitation series 

A82- 13 217 

BBBCIPITATIOR HABDBBING 

Ccaparativo theraal fatigue resistance of several 
oxide dispersion strengthened alloys 

p0062 AS2-II399 

Lonq-tera hlgb-volocity oxidation and hot 

corrosion testing of several NiCrAl and FeCrAl 
base oxide dispersion s^rrengthened alloys 

p0062 A82-37I5I 

Crystallographic texture in 

oxlde-dlspersion-stcenqthened alloys 

p0062 A82-40041 

creep and rupture of an ODS alloy with high stress 
rupture ductility Oxide Dispersion 
Strengthened 

p0065 A02- 40335 

Craep shear behavior of the oxide dispersion 
strengthened superalloy BA 6000E 

r SASA-TH-B27041 p0058 N02- 10195 

PRBDICTIOB mtTSXS TFCHIIQOBS 

Turbine blade nonlinear structural and life analysis 
f AIAA PAPIB 82-1056] p002l A02-3498I 

Blade loss transient dynamic acalysis of 
tucbonachinery 

fAIAA PAPER 02-1057] p003D A82-34982 

Prediction of coaposite hygral behavior aade sinpie 
r NASA-Tn-827801 p0049 NB2-16I8I 

Prediction of sound radiaticn froa different 
practical let engine inlets 

f NA8A-rn- 165120] pO 153 N82- 168 10 

Application of an airfoil stall flutter coaputer 
prediction program to a three-dlaensional ring: 
Prediction versus expcrlaent 

[ NASA-CR- 168506] p0007 H82- 19 |69 

The NASA-leRC wind turbine sound prediction code 

pO I23 H82- 23730 

Large displacenents and stability analysis of 
nonlinear propeller structures 

f NASA-Ttt-82050] pO 1 12 K02-3I7O7 

PBEDICIIOMS 
NT FLCCD PREDICTIONS 
NT NOISE PREDICTION 
NT NOISE PREDICTION (AIRCRAFT) 

NT PERFORNANCE PREDICTION 
PBBHEATEBS 
n ATTNG BQOIFHEH'^ 

PRBBEATIBG 
U A TI NG 

PBFHIXXD FLAHES 

Tine resolved density aeasuteBonks in pteaixed 
turbulent flaaes 

fAIAA PAPER 82-0036] p00c6 A82- 22033 

Flaao structure in a swirl stahillXed coabustoc 
inferred by radiant ealsslon aeasureaents 

p00 56 A 82- 2069 4 

Lean-liait extinction of propane/air mixtures in 
the stagnation-point flow 

p0057 A82-28736 

Experiaental study of the effects of secondary air 
on the caissions and stability of a lean 
preaixed coabustor 

f AIAA PAPER 82- 1072 ] p002 1 A02-34992 

or, the opening of preaixed Bunsen flaae tips 

p0057 A82- 37570 

On stability of preaixed flames in stagnation - 
Point flow 

P0057A82- 37574 

The preaixed flaae in unifora straining flow 

p0055 A82-43194 


PBBBIXXBC 

Effect of fuel-air-ratio nonunifora Ity oa 
eaissions of nitrogen oxides 

[NASA-TP-l790j P00I6 102- 13 143 

tBUBBGS 

On detoraXnatioo of fibre fractioa ia coatlaaoaa 
fibre coaposite aateriala 

pOOSt 182-38 133 

BBBSXBTBBXI6 
U BTSBXNG 

BBBSSBBB 

ax HIGH PBB5SDRE 
at HIGH VACUUn 
Hf XMLBT PBBSSDBB 
NT ISOSTATIC PBESSOBE 
NT LON PRESSURE 
NT LOHIKOUS ZNTENSITX 
NT SOUND PRESSURE 
HT ULTRAHIGH VACUUH 
NT NALL PRESSURE 
BBBSSOIB CBAHBBBS 

Lewis, pressurized# fluldlzed-bed coabustion 
prograa. Data and calculated results 
[NASA-TH-81767] pOI24 N82-30704 

BBBSSOBI RFFBCTS 

Effect of vacuua exhaust pressure on the 
perforaance of HUD ducts at high D-field 
[AIAA PAPEB 82-0396] pO 157 A82-20292 

Effect of vacuua ozhai^st pressure on the 

perforaaacQ of EUD ducts at high D-£leld 
rNASA-TH-82750J pO 157 N82-I3908 

riBSSDIB OBAOXIIT5 

Beal tine pressure signal systea for a rotary engine 

[NASA-CASE-LEH- 13622- I] pOOI9 N82-26294 

CoBparison of experiaental and analytical 
perf or nance for contoured endwall stators 
[NASA-TW-B2B771 p00!9 N82-26299 

Experiaental study of turbulence in blade end wall 
corner region 

f NASA-CR- 169283] p009 I N82-3I639 

tRBSSOXB 0EAS9RBBBNT 

Flow through aligned sequential orifice type inlets 
rNASA-TP-1967] p0087 NB2-20467 

tlBSSDlB PROBES 
U ESSURE SENSORS 
PBBSSDIB POtSBS 

pressure pulsations above turboaolecular puaps 

p0076 A82-46430 

PBBSSDBB RATIO 

Perforaance of single-stage axial-flow transonic 
coa pressor with rotor and stator aspect ratios 
of U63 and t«78# respectively# and with design 
pressure ratio of 1.82 

[KASA-TP-1974] p0017 N02- 19222 

Perforaance of single-stage axial-flow transonic 
compressor with rotor and stator aspect ratios 
of U63 and 1.77# respectively# and With design 
pressure ratio of 2.05 

fNASA-Tt-iOOl] pOOia N82-22269 

PBBSSDRE REDUCTION 

Thermal and flow analysis of a convection# 

air-cooled ceraalc coated porous aetal concept 
for turbine vanes 

TASHE PAPEB OI-HT-48] p0020 A82- 10952 

PRESSUBE SENSORS 

Real tiae pressure signal systea for a rotary engine 
r NASA-CASE-LEH- 13622- 11 pOOI9 N82-26294 

PRESSURE TRANSDUCERS 
U ESSURE SENSORS 
PRESSURE VESSELS 
NT PREDURNEDS 
PRESSURE RAVES 
U ASTIC HAVES 
PBESSOBE RELDZIG 
MX DIFFUSION NELDXNG 
PKESS0RIXIN6 

NT FUEL TANK PRESSURIZATION 

PBETRISTIHG 

U ISTING 

PBBVENTIOH 

NT CORROSION PREVENTION 
NT FIRE PREVENTION 
NT ICE PREVENTION 

PBXHART BATXBRISS 

NT ALKALINE BATTERIES 
NT NICKEL ZINC BATTERIES 
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flOBABUITf 

IJ 02XErr2TY THEORY 

fBOBl\BXLI?T TBEORT 

tUe application of pcobablllstic desiqn theory to 
high teiperatuce lov cycle fatigue 
r NASA-CR- 1654081 p01|2 M82- 1453 I 

tlOBlYR SOITZHG 
NT ITERATIVE SOLUTIOH 

Multiple-gcld acceleration of Lax-Wendcoff 
alqocithas 

T HASA-»T«-*82B431 p0149 K02- 22922 

Ccnstcuction of solution:} for scie lionlineac 
two-point boundary value probleas 
r IiASA~Tn-G29371 pOI44 M82-30949 

BIOCIDOBES 

NT BQOHCARY INTEGRAL METHOD 
NT FINITE ELEMENT METHOD 
NT FINITE VOLUME METHOD 
PEOCISS CONTROL (INDOSTRI) 

Fuel quality processing study, volute I 

C NASA-CR- I65327-VOL-! 1 p0135 N82-24649 

Fuel quality/processinq study Voluao 2; 

Appendix* fask 1 literature survey 
r NASA-CR- IS5327-VOL-2 1 p0 135 H82- 24650 

flOCESS BEAT 

Collection and dissealnatlon of thecial energy 
storage systen infocoaticn for the pulp and 
paper industry 

p0136 N82-24686 

BBOBDCT DXmOFHENT 

A6T 100 autOQotive gas turbine systet dovelopnent 
TAIAA FAPER 82-11651 pOlOB A82-35038 

A(iT 10 I autoaotive gas turbine systea developaent 
[AIAA PAPER 82-1 1661 pOI08 AB2-35039 

Integrated analysis of engine structures 

r NASA-TM-827 13] pO H 1 H82- 11491 

Solar cell developaent for the power extension 
package 

r NASA-TM-826851 pO 118 N82-11555 

Cooled variable-area radial turbine technology 
pcoqraa 

r NASA-CR- 16540 8] p0024 N82- 19221 

Local and national impact of aerospace research 
and technology 

r NASA-TM-827751 p0162 N82- 20006 

Energy efficient engine shroudless, hollow f£m 

blade technology report 

T HA5A-CR-t65586] p0024 N82-21196 

Pyrolytic graphite collector developaent proqraa 
r NASA-CR- 1679091 p0052 NB2- 29363 

Current legal and institutional issues in the 
ccBmercialization of phosphoric acid fuel cells 
r HASA-CR- 167867] pO 136 N82- 29719 

component technology for space power systems 

r NASA-TM-82928] p0082 N82- 30474 

PRODOCTIOI COSTS 

ConparativG analysis of the conceptual design 
studies of potential early coaaercial MHD power 
plants (CSPEC) 

r NASA-TM-828971 pO 1 23 N82- 27838 

PBODQCTION EBGIIBEBIVG 

Technology developaent for phosphoric acid fuel 
cell pcwecplant, phase 2 

rHASA-CR- 165426] p0131 N82- 16482 

PBODOCTION METHODS 
U OCnCTION ENGINEERING 
PIODOCTS 

NT HEACTICN PRODUCTS 
PBOGBAM VEBIFICATXOI (COSPUTBBS) 

Experiaental verification of a coaputational 
procedure for the design of THT-tefocuser-MDC 
systeas Multistage Depressed Collectors 

p0082 A82- 16128 

Spherical roller bearing analysis, SKP coaputer 
program SPHERBEAN^ Voluae 3: Program 

correlation with full scale hardware tests 
r NASA-CR- 165205] pO 106 H82- 20542 

Additional extensions to /ihe NASCAP coaputer code, 
volume 2 

[ NASA-CR- 167856] p0040 N82-26377 

A generalized memory test algorithm 
f NASA-TM-82874] pO 146 N82-3I97I 

PBOGBAMMIBC XANGUAGBS 
NT FORTRAN 
PBOGBAHS 

NT NASA PROGRAMS 

NT SUPERSONIC CROISB AIRCRAFT RESEARCH 

PBOJBCTILBS 

NT HYPERVELOCITY PHCJECTILES 


BIOlIlIBCBS 

NT SOLAR PBOMINENCES 

MOr-FAH TBCHBOLOGY 

Advanced turboprop testbed systeas study* Voluae 
I: Testbed prograa objectives and priorities, 

drive systea and aircraft design studies, 
evaluation and recoaaondatioas and wind tunnel 
test plans 

rKAOCR-16792B-VOL-1 1 p0028 N82-32370 

Advanced turboprop testbed systeas study 

[NASA-CB- 167895] p00l4 N82-33375 

FI0FA6ATZ0B (BITBBSIOB) 

NT CRACK PROPAGATION 
NX FLAME PROPAGATION 
PBOFAGitZON BOOBS 

Analytical and experiaental investigation of the 
propagation and attenuation of sound in extended 
reaction lined ducts 

[AIAA PAPER 81-2014] p0t53 A82-^t0454 

Mode propagation in oonunifora circular ducts with 
potential flow 

[HASA-TB-82766] pO 15 1 N82-1408I 

FBOPAGATIOI VBLOCITT 

Buoyancy effects on the tempera tore field in 
downward spreading flames 

p0094 A82-41203 

FIOPABB 

Lean-limit extinction of propane/air aixtures in 
the stagnation-point flow 

p0057 A82-28736 

Effects of heat loss, preferential diffusion, and 
flame stretch on flaee-front instability and 
extinction of propane/air mixtures 

p0057 A82-32077 

Deposit formation in hydrocarbon fuels 

[ ASME PAPER 82-GT-49] p0075 A82-35307 

Deposit formation in hydrocarbon rocket fuels with 
an evaluation of a propane hemt transfer 
correlation 

[HASA-TM-829I1 ] p0088 882-26611 

PIOPBLLABT COHBOSTZOH 
NT SOLID PROPELLANT COMBUSTION 
flOPBLLABt DBCOflPOSXTXOB 

Deposit formation in hydrocarbon fuels 

[ASHE PAPER 82-GT-49] p0075 A82-35307 

FIOPBLLAMI BTAPOBATIOH 

Study of vapor flow into a capillary acquisition 
device — for cryogenic rocket propellants 
[NASA-CH-I67B83] p009 I N82-24452 

PBOFBLLIBT PBOPBBTZBS 

NASA/General Electric broad-specification fuels 
combustion technology program - Phase I results 
and status 

[AIAA PAPER 82-1069] p002 1 AB2-35000 

Characterization of an Experimental Referee 

Broadened Specification (EBBS) aviation turbine 
fuel and EBBS fuel blends 

[NASA-TM-82083] p0072 N82-32504 

PBOPBLLAB ' STORAGE 

Cryogenic fluid msinagement experiment 

[NASA-CR- 165495] p0039 H02- 15117 

PIOPBLLABT TANKS 

Cryogenic fluid management experiment 

[HASA-Cfi-165495] p0039 H02- 15 1 17 

PBOPZLLANT TBABSPBB 

Cryogenic fluid maragement experiment 

[NASA-CR- 165495] p0039 M02-I5U7 

PB0PBLLAIT5 

NT CRYOGENIC ROCKET PROPELLANTS 
NT ROCKET PROPELLANTS 
NT BP-1 ROCKET PROPELLANTS 
NT STORABLE PROPELLANTS 

PIOPBLLBH BLADES 

Tensile buckling of advanced turboprops 

[NASA-TH-62896] p0112 N82-31708 

Impact of advanced propeller technology on 
aircraft/mission characteristics of several 
general aviation aircraft 

[NASA-CR- 167904] p0D09 H82-33347 

PBOPBLLBR BPPICZBICT 

Perf onrance degradation of propeller/rotor systems 
due io rime ice accretion 

[AIAA PAPER 82-0286] p0014 A82-2B322 

Evaluation of wind tunnel performance testings of 
an advanced 45 deg swept 8-bladed propeller at 
Mach numbers from 0»45 to 0.65 

CNASA-Cfi-3505] p0007 N82-19178 

PBOPBLLEH PAHS 

In-flight acoustic results from an advanced-design 
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th7^K Vm^ fl2-M2Q1 P002! ^82-350l7 

PIOPBttBB StIPSTBEAHS 

PropeXlQC tip tort^ix - A possible conicibutoi: to 
aircraft cabin noise 

pOI52 A82- 17603 

Fast qoneration of thcee-disonsicnal coaputationai 
boundacy-confocaing periodic grids of C-type — - 
for turbine blades and propellers 
r MASI-cn- 165596) p0C09 H82- 28253 

riOPBLtlBS 
HT FHCPEttEF FAH5 

Finite voluae calculation of three-diaensional 
potential flow around a propeller 
TAIAA FAP^B 82-0957) pQOtO A82-3I933 

Noise of the SP-3 propeller apdel at 2 deg and 4 
deg angle of attack 

r HASA-Tfl-e273B I pO 15 I N82- 16808 

A shock uave approach to the noise of supersonic 
propellers 

r NAEA-TM-82752] pOISl N82- 16009 

Evalnation of wind tunnel perforaance testings of 
an advanced US dog swept 6-bladed propellor at 
Mach nuuhers froa 0,45 to n,89 

r NASA-CE-3500 1 p0007 N82-I9I78 

A preliainary coaparison between the SR-3 

propeller noise In flight and in a wind tunnel 
r NASA-TM-82005) pO 152 NB2- 21 998 

Future propulsion opportunities for coaBUter 
airplanes 

C NASA-TM-828B0) pOO IB N82- 24203 

Suoaary and recent results frea the NASA advanced 
High Speed propeller Research Progtaa 
r NASA-IM- 8289 1 1 pOOO 1 N82- 26 2 1 9 

Propulsion opportunities for future coaauter 
aircraft 

C MASA-TH-BaOIS) pOOIQ N82-26298 

large displaceraents and stability analysis of 

nonlinear propeller structures 

r NASA-T«-82850) p01l2 NB2-3I707 

Hough analysis of installation effects on 
turboprop noise 

r N A S A -T «- 8 2 9 2 4 ) pO 1 52 H 82- 3 2 0 0 2 

Propeller flow visualization technigues 

p0096 NB2-32672 

Developaent of a laser veloci»eter for a large 
transonic wind tunnel 


p0096 N82-32688 

IV oeasurements with an advanced turboprop 

p0097 H62-32690 

FBOPDLSIOB 

NT AUXILIARy PROPHI5ION 

HT CUHrtlCAl PROPULSION 

NT ELECTRIC PROPULSION 

NT ELfCTROKAGNETIC PROPULSION 

NT JKT PROPULSION 

NT LOW THRUST PROPULSION 

NT MASS DRIVERS (PAYLOAD DELIVERY) 

NT SOLAR ELECTRIC PROPULSION 
NT SPACECRAFT PROPULSION 

NASA research activities in neropropulsion 

rNASA-TM-82788) pOO 17 H82- 1G084 

A piecowiso linear state variable technique for 
real time propulsion system simulation 
r NASA-TM-82B5 11 pOO 18 M82- 24201 

PBOPQLSIOB SYSTBH COBFIGDB ATIOIS 

NASA research in aircraft propulsion 

CASMB PAPER a2-GT-177) p0022 A82- 35389 

Con putational methods for internal flows with 
eaphasls on tutboBachinery 

C NASA-TM-82764) p0003 N82-I3I13 

NASA research in aircraft propulsion 

C NASA-TM-8277 1 ) pOO 16 N82-I3 146 

The role of nodero control theory in the design of 
controls for aircraft turbine engines 
r NASA-TM-820I5 1 pOO lB HB2- 22262 

Future propulsion opportunities for coBBUter 
airplanes 

C NASA-Trt-82a8m pOO 18 N82- 24203 

Integrated propulsion for near-Earth space 
missions^ Volume 1; Executive sUBiaary 

f NASA-CE- 1678B9-VOi.-l 1 p0045 N82- 33424 

Integrated propulsion for near-Earth space 
missions# Voluae 2: Technical 


C NASA-CR- 167889-VOL-2 ] p0046 N82- 33425 

PBOPaLSZON STSTER PEIFORRABCB 

30-cb Bercury ion thruster techneiogy 

p0046 AB2-15434 


Characteristics of the LgRC/Hugbes J-series 30-cb 
engineering eodel thruster 

p0046 A 8 2- 15435 

Heasuring the spacecraft and environiientaX 

interactions of the S-cm sercury Ion thrusters 
on the P80-1 aission 

p0043 A82- 15438 

V/STOL propulsion control technology 

[AIAA PAPER 81-2634] p0029 A82- 16909 
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U 

15 

82852 

NAS 

U 

15 

82853 

NAS 

1. 

15 

32854 

HAS 

U 

15 

82855 

NAS 

1. 

15 

82056 

HAS 

1. 

15 

02B57 

HAS 

I. 

15 

82850 

NAS 

1. 

15 

82859 

HAS 

1. 

15 

82860 

HAS 

1. 

15 

62861 

NAS 

K 

15 

62862 

NAS 

1. 

15 

82863 

NAS 

U 

15 

82864 


t 






• f •«••••*• ••• 


f5^ 









NAS 

U 

15: 

62665 

pOIOl 

N82-28646*# 

pOlOU 

H62-M466*l 

NAS 

U 

15: 

62866 

pOIOI 

882-26645** 



HAS 

U 

15: 

82667 

P0042 

M82-29354*# 

p0141 

H82-)6659*l 

HAS 

1. 

15: 

82668 

pOOSO 

H82-30335*# 



HAS 

1. 

15: 

82669 

p0019 

N82-26297*# 

p0027 

B92-273 I6*l 

HAS 

U 

15: 

62871 

p0146 

H82-30992*# 



HAS 

1. 

15:82872 

p0t26 

H82-3I776*# 

pOlOO 

N82-25518^i 

HAS 

U 

15 

82B73 

p0069 

MB2-28445*# 

p0124 

N82-30704*l 

NAS 

1. 

15 

62874 

p0l46 

N02-31971*# 

p0024 

N82-2ll93*i 

MAS 

1. 

15 

82675 

P0I23 

HB2-25636*# 

pOl23 

H82-25637*# 

HAS 

u 

15 

82877 

p00|9 

N62-26299*# 

p0120 

H02-2I7 12*1 

HAS 

u 

.15 

82878 

p0072 

M62-26483*# 

pQ019 

H02-273 lit# 

NJlS 

u 

15 

82679 .................... 

p0061 

N82-30373*# 

pQ120 

N62-20668*i 

HAS 

1. 

15 

82880 

pOO 18 

N82-24203*# 

p0020 

N02-29324*# 

NAS 

1. 

15 

828B1 

pOOOS 

H82-26241## 

p0120 

882-21710*1 

HAS 

!• 

15 

82882 

pOOSl 

N82-3 1449*1 

p0125 

HB2-30710*# 

HAS 

I. 

15 

82863 

p0072 

N82-32504*l 

p0121 

N82-2367B*# 

HAS 

I. 

15 

82884 

pOlOO 

K02-24497*# 

poon 

H02-2I I94+# 

NAS 

1. 

15 

62885 

p0005 

K02-28249*# 

p0 122 

N82-23679*! 

NAS 

u 

15 

82886 

p0095 

H82-3 1663*1 

p0076 

H82-20339*# 

NAS 

u 

15 

82BB7 

p0 102 

’/i02-32733*i 

p00l9 

H82-25255*# 

HAS 

1. 

15 

82688 

p0102 

^i02-3O552*# 

P0004 

H82-252 13*# 

NAS 

u 

15 

82889 

pOI49 

K82-24859*# 

dOOIB 

H82-2n95*i 

MAS 

I. 

15 

82891 

pOOOl 

H82^«262l9*l 

p0121 

N82-217 14*1 

MAS 

I. 

15 

82892 

p0042 

N82-3I443*# 

pOlOO 

N82-20543*# 

HAS 

!• 

15 

828 94 

p0004 

H82-26240*# 

p0076 

NB2-223 06*I 

NAS 

K 

15 

62895 

pOI63 

N82-3 1160*1 

p0072 H82-2I4 15*i 

NAS 

u 

15 

82696 

p0112 

H02-3I7O8*# 

p0054 

H82-2232/*l 

NAS 

u 

15 

82897 

p0123 

N82-27836*# 

p0121 

H82-22649*# 

HAS 

K 

15 

62899 

pOl26 

K82-32853*# 

p0152 

N82-2I998*I 

HAS 

U 

15 

82900 

pOI27 

N82-33829*# 

p0049 

N82-2I250*! 

HAS 

1. 

15 

82901 

p0069 

N82-32633*l 

p0042 

H82-20240*# 

NAS 

I. 

15 

02902 «*t^*.»**.** 

pOI26 

N82-32B54*# 

p0067 

H82-203 13*# 

HAS 

u 

15 

82903 

p0126 

H02-3I777*# 

pCC76 

H82-223 87*# 

HAS 

1. 

15 

82904 

p0042 

N82-27358*# 

pono 

H02-2O551*# 

NAS 

1. 

15 

82905 ...I, 

p0061 

N82-3246I*# 

p0049 

N82-2I259*! 

HAS 

1. 

15 

82906 

p0123 

He2-26807*# 

pOOSO 

H82-24300*# 

NAS 

u 

15 

82906 

^*^072 

N82-27519*# 

pOlll 

H32-21604*# 

HAS 

I. 

15 

82909 

p0123 

H82-26790*# 

p0059 

H02-22344*! 

NAS 

I. 

!5 

82910 

pOlOt 

N82-28644*# 

pOOlB 

H82-22262*# 

NAS 

u 

15 

B29H 

pOOSB 

M82-26611*# 

pOOlB 

N82-22266*# 

HAS 

u 

15 



p0 124 

Ne2-30700*l 

p0049 

HB2-21260*I 

HAS 

u 

15 

82913 

p0055 

M82-33463*# 

p0067 

N82-203 14*# 

HAS 

u 

15 

82914 

p0095 

H82-3 1664*1 

pO 102 

H82“32735*l 

HAS 

I. 

15 

82915 

p0019 

H82-26298^# 

pU068 

H82-24342*# 

HAS 

u 

15 

82916 

p0072 

N82-26460*# 

P0125 

H02-3O714*# 

HAS 

i. 

15 

82917 

pOI26 

N82-33820 # 

p0050 

H82-24297*! 

NAS 

u 

15 

82919 

p0013 

N82-30297*# 

p0060 

H82-24323*# 

HAS 

1. 

15 

82921 

P0I25 

N02-307I3*# 

p0147 

N82-22915*# 

HAS 

1* 

15 

82922 

P0I24 

H82-29717*# 

p0067 

HB2-21331*# 

HAS 

1. 

15 

82924 

p0152 

N82-32082*# 

p0042 

NB2-242 8b*i 

NAS 

1. 

15 

82925 

p0089 

N02-32634*# 

pooeo 

HB2-24325*# 

HAS 

1. 

Vj 

82927 

p0096 

H82-32662*# 

p006B 

H62-24343*# 

HAS 

1. 

15 

82928 

p00 82 

N02-3O474*# 

poosg 

N82-22346*| 

HAS 

L 

15 

62929 

p005l 

N82-30336*# 

p0112 

NB2-26701*# 

HAS 

1* 

15 

82930 

p0125 

N82-307I7*# 

P0069 

Ha2-29459*# 

NAS 

I. 

15 

82931 

p0149 

N82-29075*# 

p0050 

H82-223 13*# 

NAS 

U 

15 

82933 

p006 1 

N82-33493*# 

p006B 

N92-26460*# 

NAS 

u 

15 

82936 

p0152 

H82-3I068*# 

p0087 

N02- 22453*# 

HAS 

1* 

15 

82937 

p0144 

Ne2-30949*# 

p0124 

H02-28786*# 

MAS 

u 

15 

82942 

p0069 

N82-30401*# 

p006 1 

H82-30372^# 

HAS 

1* 

IS 

82943 

pOlOa 

N82-32734*# 

p0163 

N82-2719I*# 

HAS 

u 

15 

82944 

p0127 

N82-33830*# 

p0060 

N82-24322*# 

HAS 

u 

15 

82945 

pOI25 

N82-30715*# 

pOIOI 

N82-2668I*# 

HAS 

!• 

15 

82946 • 

p0125 

N02-3O7I6*# 

p0095 

N82-206O5*# 

HAS 

u 

15 

84194 

pOI 17 

N02- 24525*# 

p0152 

HB2-22951*# 

HAS 

1. 

15 

84207 

p0015 

N82-23241*# 

pOI49 

H82-22922*# 

NAS 

1. 

15 

94743 

pooei 

N02-2443I*# 

p0123 

H82-24647*# 

HAS 

u 

26 

3492 

p0090 

NB2-22458*# 

p0112 

NB2-24502*# 

HAS 

Ir 

26 

3494 

p0091 

N82-22460*# 

pO 1 1 1 

N82-2450I*# 

NAS 

u 

26 

3513 

p0008 

N82-26229*# 

p0004 

H82-24!65*« 

NAS 

u 

26 

3539 

p0007 

N82-222I4*# 

pO 163 

H02-26O5I*# 

NAS 

u 

26 

3543 

p0064 

N82-26436*# 

pD038 

H82'-23261*# 

HAS 

u 

26 

3553 

p0t06 

H82-25516*# 

p0112 

N82-31707*# 

HAS 

u 

26 

3560 ...... 

pOOOB 

N82-26230*l 

pQOIS 

N82-2420I*# 

HAS 

1* 

26 

3563 

p0027 

N02-26295*# 

p0060 

N82-24326*# 

HAS 

u 

26 

159559 

pooes 

N82-23394*# 

p0076 

N8 2-223 00*1 

HAS 

u 

26 

159656 

p0025 

N82-22265*# 

p0054 

N82-31459*# 

HAS 

1. 

26 

165149 

pooai 

N82-32383*# 

p0068 

H82-24455*# 

HAS 

1. 

26 

)65I6B 

p0064 

H82-24424*l 

pOlOO 

H82-255 19*# 

HAS 

u 

26 

165197 .....p.pppp.ppp.p.p 

p0164 

H02-3n58*# 

pOlOO 

H02-2552O*# 

HAS 

1. 

26 

165198 

p0134 

N82-22675*# 

p0069 

N82-29458*# 

HAS 

u 

26 

165203 ..PP......PP...P.... 

p0106 

M82-20540*# 

pO 10 1 

N82-28643*# 

HAS 

1. 

26 

165204 

pOI06 

N82-2054I*# 

pOOOS 

N82-2B250*# 

HAS 

u 

26 

165205 

pOI06 

HB2-20542*# 

p0036 

N82-25290*# 

HAS 

u 

26 

165213 

.P00 52 

862-20248** 

pool 9 

H82-263 00*# 

NAS 

u 

26 

165216 

p0136 

Ne2-25640*« 

pOOB2 

NB2-33636*# 

MAS 

1. 

26 

165269 

p0137 

N82-30722*# 

pOI57 

N02-2596I*# 

NAS 

1. 

26 

1 65 3 27-VO t- 1 

pOI35 

N82-24649*# 


B-5 


BErOBt/ACCBSSlOl SOHSlB XBDBl 


ORIGINAL PAGE IS 
OF POOR QUALITY 


HAS 

1. 26 

165327-VOL-2 

pOI35 

N02-24650** 

HAS 

1. 26 

NAS 

1.26 

I6«3G<) 

pOI46 

H62-3 1966*1 

NAS 

1.26 

NAS 

1. 26 

165365 

pOI46 

982-31969** 

NAS 

1.26 

NAS 

U 26 

165366 .....a 

p0|46 

Nfi2-3l970*i 

NAS 

1. 26 

HAS 

1. 26 

165367 ...... a. ........... 

p0|36 

982-25635** 

HAS 

1.26 

HAS 

1. 26 

165378 

pOI34 

H02-22666*# 

NAS 

1.26 

HAS 

la 26 

1653B0 a,,, a 

p0027 

H82-273t6*t 

HAS 

la 26 

NAS 

1. 26 

1653^7 

p0028 

H82-29323** 

HAS 

1.26 

HAS 

1,26 

165398 

pO 107 

N82-27743*# 

HAS 

1.26 

HAS 

1. 26 

1654Q9-V0L-1 

pC078 

N82-203C2*# 

NAS 

la 26 

HAS 

U 26 

16540 9-V0L-? 

p0078 

982-20363** 

MAS 

I. 26 

NAS 

la 26 

l65409-VOt-3 ....... ...... 

p007e 

N82-203 64** 

NAS 

1.26 

NAS 

1. 26 

I65409-VOI-4 ... ..a... a. a. 

p0078 

N82-20365** 

NAS 

1. 26 

HAS 

Ir 26 

165412 

pOM3 

H82- 267 13*1 

NAS 

1. 26 

NAS 

1. 26 

16*^431 

pOOB4 

HB2-23395** 

NAS 

la 26 

HAS 

1. 26 

I65'433 

pOII4 

H82-26714** 

NAS 

I. 26 

NAS 

la 26 

165434 

pom 

H82-26715** 

HAS 

1.26 

HAS 

1. 26 

165438 

p0114 

H82-26716** 

NAS 

la 26 

NAS 

I. 26 

165439 ...a... 

p01t4 

982-26717** 

HAS 

1.26 

NAS 

la 26 

165440 

pO 114 

N02-26718*# 

HAS 

1.26 

HAS 

U 26 

165440 ...a 

p0052 

H82-3I448*# 

NAS 

la 26 

NAS 

U 26 

165449 

p0135 

N82-2465I*# 

HAS 

1.26 

NAS 

la 26 

I65452-VOL-2 a...... 

p0136 

982-27837*1 

NAS 

1.26 

NAS 

la 26 

1C5452-V0L*^3 a a. ..a.. 

p0136 

982-27837** 

HAS 

1. 26 

NAS 

U 26 

165459 

p0025 

982-22264*# 

NAS 

1.26 

NAS 

la 26 

165476 a a a 

p0097 

N82-22479*# 

NAS 

la 26 

NAS 

1. 26 

165401 ...a....,. 

pO 138 

982-33027*# 

HAS 

1. 26 

NAS 

U 26 

165482 

pQI36 

982-24725*# 

HAS 

1.26 

HAS 

1. 26 

165497 

p0113 

982-26702*# 

HAS 

la 26 

HAS 

U26 

16545B 

pO 113 

N82-26706** 

NAS 

1. 26 

HAS 

1.26 

I6ES03 

p0026 

N82-23248*# 

HAS 

1. 26 

NAS 

1.26 

165507 ..a. a 

p0085 

982-24425** 

HAS 

la 26 

NAS 

U 26 

165510 ....a..*. 

p0f06 

M82-24496** 

NAS 

1.26 

NAS 

1. 26 

165520 a.aaa.a.a 

pOC90 

982-25499** 

NAS 

la 26 

HAS 

1* 26 

165521 ......... 

p0044 

H82-21252** 

NAS 

la 26 

HAS 

1. 26 

165544 

p0064 

982-27462** 

NAS 

!. 26 

HAS 

1. 26 

165549 a 

p0064 

H82-26439** 

NAS 

1.26 

HAS 

1. 26 

165554 ..a 

p0027 

982-273 10** 

NAS 

1.26 

NAS 

1. 26 

165556 a 

p0027 

982-28297** 

NAS 

1. 26 

HAS 

i. 26 

165557 

p0029 

982-333 93** 

NAS 

la 26 

B.AS 

U 26 

165560 

pd 1 38 

N82-32856*# 

HAS 

1.26 

ns 

la 26 

i65562-VOL-l ... 

p0153 

N82-2I031*# 

NAS 

la 26 

HA» 

U 26 

165562-VOL-2 

p0153 

982-21032*# 

NAS 

la 26 

HAS 

1. 26 

165562— VOL— 3 

pOI55 

H82-21033*# 

NAS 

1.26 

HAS 

1. 26 

165561 a... 

pOM3 

982-20564** 

NAS 

1.26 

HAS 

1. 26 

165564 

p0025 

982-22263** 

NAS 

1. 26 

NAS 

1, 26 

165565 a 

P0025 

982-222 68*« 

NAS 

1. 26 

HAS 

la 26 

165568 a.. 

pOI35 

982-24648*# 

NAS 

la 26 

NAS 

1.26 

165572 

p0027 

982-27309*# 

HAS 

1.26 

HAS 

1.26 

165573 ...... 

p0027 

H82-2B296*# 

NAS 

la 26 

NAS 

U 26 

165576 

p0134 

N82-21 709*1 

NAS 

1.26 

NAS 

1. 26 

165580 ♦. 

p0025 

982-21197*# 

NAS 

la 26 

NAS 

la 26 

1655B3 

p0158 

N82-24078*# 

NAS 

la 26 

NAS 

U 26 

16P5R5 

p0044 

982-21253*# 

MAS 

1* 26 

NAS 

I. 26 

165586 

p0024 

R82-21196** 

NAS 

1* 26 

NAS 

1.26 

165587 ...a... 

p0007 

N82-2U58** 

NAS 

1. 26 

NAS 

L 26 

165509 

p0!37 

982-30709** 

NAS 

1. 26 

NAS 

la 26 

165593 

pOI59 

982-23030*# 

NAS 

la 26 

NAS 

1. 26 

165596 ....a.... .......... 

p0009 

N82-2B253*# 

NAS 

1. 55 

NAS 

1. 26 

165599 a 

pOOOB 

982-24166*# 

NAS 

1.60 

NAS 

la 26 

165600 ........taaaa.a.a*,. 

p0007 

982-22210** 

MAS 

1.60 

NAS 

1. 26 

165602 

p0028 

902-32367** 

NAS 

1.60 

NAS 

la 26 

165603 a a 

P0045 

N82-242 85*# 

MAS 

I.GO 

NAS 

1.26 

165604 

p0045 

982-28350** 

NAS 

1.60 

NAS 

1. 26 

165605 .......a 

p0064 

982-28409** 

NAS 

1. 60 

NAS 

la 26 

165606 .......... 

p0)36 

982-29718*# 

NAS 

1.60 

HAS 

1, 26 

165607 

p0002 

N82-22142*# 

MAS 

1. 60 

NAS 

I. 26 

16*^609 

p0074 

982-24353*1 

NAS 

la 60 

NAS 

1,26 

165610 aa.a..,.. .aa.aa.aa* 

p0026 

982-24202** 

NAS 

1.60 

NAS 

1. 26 

16561 1 

p0028 

982-31328*# 

HAS 

1.60 

NAS 

1.26 

165614 ...a,...,. 

p0055 

982-22326** 

NAS 

1. 60 

NAS 

la 26 

1656)5 a........ a.aa.aa... 

p0055 

982-25338*# 

NAS 

1. 60 

NAS 

1. 26 

1656)6 * 

p0134 

902-20661*# 

HAS 

la 60 

NAS 

1.26 

165617 

p0007 

9B 2-222 11** 

NAS 

1. 60 

NAS 

1.26 

165620 

p0 134 

982-217 13** 

HAS 

1.60 

HAS 

1. 26 

16562 1 

p0045 

982-22309*# 

HAS 

1*60 

HAS 

1. 26 

165622 ................... 

p0045 

982-242 87*# 

NAS 

1.60 

NAS 

1.26 

167841 a... .......... 

p0045 

982-24288*# 

NAS 

1.60 

NAS 

la 26 

167646 ...a... 

pCOOB 

982-26239*# 

NAS 

1.60 

NAS 

1. 26 

167849 

p0026 

982-25254** 1 

HAS 

1.60 

NAS 

K 26 

167853 

p0025 

982-22267** 

MAS 

1.60 

NAS 

1.26 

167055 .. ....... ...a. 

p0146 

982-25810** 

NAS 

1.60 

NAS 

1. 26 

167056 

p0040 

982-26377** 

NAS 

1.60 

NAS 

1.26 

167857 

p0040 

982-26378*# 

NAS 

1.60 

NAS 

la 26 

167861 ................... 

poooe 

982-26237*# 

NAS 

1.60 

NAS 

1. 26 

167867 

pOI36 

902-29719*# 

NAS 

1. 60 

NAS 

la 26 

167869 

P0138 

982-32855** 

NAS 

1. 60 

NAS 

1. 26 

167872 a 

pO 137 

982-30711** 

NAS 

1.60 

HAS 

i; 26 

167876 ................... 

p0074 

982-26402*# 

NAS 

1*60 


167877 p0055 MB2-25337*I 

t67B79 p0025 N82-23246*H 

167883 p0091 M62-24452*« 

167885 p0045 H62-2638l*« 

167866 p0033 H62-29345*# 

t67689-VOL-1 p0045 NB2-33424*I 

167689-VOL-2 p0046 N82-33425*f 

167692 p0064 1182-30374*11 

167894 p0137 882-29720*1 

167895 p0014 N82-33375*! 

167896 pOD27 H62-25257*l 

167897 p0114 H82-29619*# 

167898 p0l37 N62-30705*# 

167904 pOI42 H62-23976*# 

167907 p0164 N62-29235>t'^ 

167908 •••••••.••• p0106 882-26679*1 

167909 p0052 N62-29363*# 

167911 p0034 N82-27331** 

167912 p0U74 882-3 1546*« 

167914 p0029 N82-33392*# 

167918 p0079 NB2-25423*# 

167920 p0009 N82-323I0** 

167924 p0079 N82-3I564*« 

167928-VOL-I p0028 H82-32370*# 

167929 P0137 M02-30706*# 

167930 p0139 N82-29777*# 

167934 p0078 N82-315B5*f 

167935 p0164 U82-34311*« 

167937 p0164 N62-343I2*# 

167938 pOI07 N82-29607*# 

167941 p0009 1182-29269*# 

167944 p0028 N82-33390*! 

167948 p0065 N82-31509*# 

167949 p0028 N82-33391** 

167984 p0009 H82-33347*# 

167996 p0029 K82-33394** 

168760 p0084 HB2-22438*# 

166842 p0090 »82-22455*» 

168894 p0026 N82-23247*# 

166929 p0076 1182-24361*# 

168930 p0113 N82-24503*# 

168941 p0135 H82-24646*# 

169003 p0026 H82-25252*# 

169004 p0026 H62-25253*# 

169005 p0085 N82-25442*# 

169016 p0153 982-27090** 

169029 P01O6 N82-26680** 

169034 p0079 M82-26526** 

I69I20 p0091 982-27686** 

169125 p0079 962-28503** 

169278 p009l 982-31638** 

169263 p009t 962-31639** 

169293 p009l 982-31641*1 

169294 p0092 982-31642** 

169295 p0092 982-31643** 

169358 p0ll5 982-33738** 

169852 p0065 982-33494** 

185193 pOI37 982-30712** 

2185 pOI22 982-23684** 

1851 p0t46 982-33020** 

1868 p0095 962-224BI** 

1882 pOlOO 982-25514** 

1884 p0088 982-30498** 

1906 pOI6l 962-32186*1 

1907 * pOI6l 982-32187** 

1908 p016l NB2-32I68** 

1909 p016l 982-32189** 

1967 p00B7 982-20467** 

1968 pOI52 N82-21036** 

1973 pOni 962-20566** 

1982 pOIll 982-20565** 

1985 p0058 982-20291*# 

1986 p0067 962-20316** 

1989 p0059 982-21300** 

1990 p0059 982-21298** 

1991 p0059 982-2I30:** 

1992 pOOSl 982-22439** 

1994 p0068 982-21332** 

1995 p0152 962-24942** 

1999 ,p0062 N82-2544)** 

2001 pools 982-22269** 

2002 p0068 962-22366** 

2006 p0060 M82-22349** 

2007 p0095 982-23515** 

2006 p0081 9B2-23397** 

2018 p0004 982-26234** 

2020 pOOlS 982-25250** 

2027 pOtOI 982-26676** 

2026 ,p0020 982-31329** 




II?OIT/ACCISSZOI lOHBXI IIDBI 


ORIGINAL PACS i:'': '' 

OF POOR QUALITY 


l#6nSj2029 ••••»»»• 

Hft? |»6n;203n •**«»••• 

HAS K6O52037 
HAS It 6O52OMO »«r****a 
HAS U 60:2047 
HAS IsOOsZO^S 
NAS 1.60:2049 

HASA-CAS2-LEH-' !2!3l-3 
HASA-CASI-LEH- 1229 6-1 
NASA-CASE-LEH- 12358-2 
HASA-CASI-tEW- 12508-3 
NASA -CAS E-lEH- 12582- t 
HASA-CASE-LEV- 129 19-2 
NASA-CASE-LEK- t293B-t 
NASA-CASB-tEW- 12950-1 
NASA-GASE-tEH- 129B9-! 
NASA-CASE-tEH- 13028-1 
NASA-CASE-tEH- 13080-2 
NASA-CASI-tEW- 13(20-1 
NASA-CASE^LEW- 13 169-1 
HASA-CASE-LEW- 13169-2 
KASA-CASE-LEH- 13t7l-t 
NASA-CASE-LEK- 13 199-< I 
HASA-CASE-LEW- 13268- 1 
NASA-CASE-LEW- 13268-2 
HASA-CASF-LEW- 13282-1 
HASA-CASE-LEW- 13324-1 
HASA-CASE-LEW- 13339-1 
HASA-CASE-LEW- 13343-1 
HASA-CASE-LEW- 13149- I 
NASA-CASE-LEW-13400-l 
HASA-CASF-LEW- 1340 1-1 
HASA-CASE-LEW- 1340 1-2 
HASA-CASE-LEW- 13426- 1 
HASA-CASE-LEW- 13450-1 
NASA-CASE-LFW- 13495-1 
KRSA^CASE-LES- 13526- ! 
HASA-CASE-LFW- 13622-1 
NASA-CASE-LEW- 13639-1 
HASA-CASE-LEW- 13653-1 
HASA-CASE-LEW- 13826-1 

NASA-CF-2ia2 ......... 

N AS»^— CP— 2 1 8 5 

NASA *C R— 34 81 
NASA— CR— 3492 

NASA-CR-3493 

HASA-CR-3494 

NASA— CR— 3505 

HAS A— CK— 35 06 .... ..... 

NASA-CR-35a7 

NASA-Cri-3500 

HASA-CB-3509 

NASA-CB-3510 .•••••.«• 

NASA-CR-3513 ......... 

NAS A-GR- 3539 ......... 

HASA-CF-3543 .... ..... 

HAS A — C R— 35 53 ......... 

KASA-CR-1560 

NASA-cr-3563 ......... 

HASA-CR-159559 ....... 

HASA-CF- 159656 

HASA-CR-159B41 ....... 

NAS A -rp- 164 966 ....... 

NASA-CF- 164972 ....... 

NASA-rp-i65029 ....... 

NASA-CF- 165051 ....... 

NASA-CE- 165053 ....... 

NASA -Cr- 165061 

NASA-CB-1650ei .. . .... 

HASR-CE- 165 120 ....... 

HASA-CF-165130 ....... 

NASA-CE- 165149 ......4. 

NASA-CR-165154 ..... 

HASA-CF- 165163 

NASA-CF-165168 ....... 

NASA-CP-165175 .. . .... 

NASK^CR-165182 ....... 

NASA-CE- 165 193 ....... 

HASA-CF-165197 

NASA-CE- 165 198 ....... 

N AS A —C R— 165 203 ....... 

NAS A— CR— *65204 

NAS A — C E“* 165205 . . . « . . . 

NASA-CE- 166213 ....... 

HASA^CR- 165218 ....... 

NAS A—CR- 16 5219 ^ » « . « 


p0005 682-29270*1 

P0005 H82-26247*l 

....... P0I03 H82-32737*# 

*...••« pOIOZ HB2-3t69l*l 
.•••**« p0l02 H82-32736*# 
pOC69 HB2-3249I*! 
P0020 He2-333B9*| 

....... p0099 HB2-19540* 

p0082 NB2-26568* 

p0054 H82-21268* 
....... pOOBB HB2-24449** 

....... pOdM H82-3I450*I 

**...«. pOOSO H62-263B6*I 
....... p0020 H82-32366* 

....... PC087 H82-M399*! 

..•.«»« p0099 M82- 12442* 
....... p0070 H82-3352I* 

p0066 H82-ll2IO*f 

....... p0068 H82-28440* 

pOdeO H82-29415* 

....... pOOol NB2-30371* 

pOI24 H82-29708* 

....... P00I9 N82*^26293* 

....... P0069 NQ2-29453* 

....... pOlOf N82-26674*! 

pOOBt N82-244IS* 

........ p0060 H82- 26431*# 

pOOei NB2-3IS05* 

....... p006B HB2-2B44I* 

p0 121 NB2-22673*# 

pOI25 N82-3I764* 

....... p0!24 H82-29709* 

...i... P0123 H82-247I7*# 
....... p0126 K82-31769*# 

....... pOOfiS H82-25463*# 

....... pOOB2 N82-24432*# 

pC059 N82-22347*# 

• pOD19 N62-262 94*# 

p0070 HB2-33522*# 

....... pOI2! H02-22672*# 

....... p0050 N82-26385*# 

p0037 N82-I4213*# 

....... p0122 NB2-23684*# 

p0141 N82-16659*! 

p0090 1182-22458*# 

....... p009l H82-22459*# 

....... p009V HB2-22460*# 

....... pOOOT NB2-19170*# 

....... pOllO H82-18613*# 

p0006 HB2^16044*« 

pOOOe H82-17I22*# 

....... p0006 HB2-18184*# 

p0090 N82-17456*# 

p0C08 N82-26229*# 
....... pOOOT N82-22214*l 

....... p0064 N82-26436*# 

....... pOlOe NB2-255I6*# 

pOOOB H82-26230*! 

0 OO 27 H02-26295*# 
....... pCO05 H62-23394+# 

p0025 MB2-22265*# 

p0105 N82-12445*# 
....... pOOlU N82-11052*# 

....... P0159 NB2-n959*# 

....... p006l N82-132 I?*# 

....... p0052 N82-m28P*# 

....... p0I05 H82- 14520 | 

....... p0090 »82-15360*l 

....... 001311182-16479*# 

....... p0153 Ne2-r6BI0*# 

p0 132 HB2-16465*# 
....... P003 1 NB2-323B3*# 

p0078 H82- 174 20*# 
....... p0104 H82-10401*# 

pC004 N02-24424*# 

........ pO 163 H82-16937*# 

...i... pOlOS H82-164 10*1 
....... pO 137 N82-307 12*# 

p0164 N82-3II58*# 

....... p0134 HB2-22675*# 

p0106 H82-20540*# 
....... p0!06 H02-2O541*# 

....... p0I06 H82-20542*l 

P0O52 N82-20248*# 

....... p0136 N82-25640*# 

....... pO 105 NB2-13427*# 


HASA-CB- 

HASA-CB- 

MASA-CB- 

MASA-CB- 

HASA-CB- 

MASA-CB- 

HASA-CH- 

HASA-Cfi- 

HASA-CB- 

NASA-Ca- 

NASA-CB- 

NASA-CR- 

HASA-CH- 

MASA-CR- 

HASA-CB- 

NASA-CR- 

NASA-CR- 

HASA-CR- 

NASA-CB- 

HASA-CB- 

HASA-CR- 

NASA-CR- 

HASA-CR- 

HASA-CH- 

NASA-CE- 

HASA-CB- 

NASA-CR- 

NASA-CB- 

HASA-CH- 

NASA-CB- 

HASA-CR- 

NASA-CR- 

NASA-CR- 

NASA-CR- 

MASA-CB- 

NASA-CR- 

NASA-CB- 

HASA-CR- 

MASA-CB- 

NASA-CH- 

NASA-CH- 

HASA-CR- 

NASA-CB- 

HASA-CR- 

NASA-CH- 

NASA-CB- 

NASA-CB- 

NASA-CR- 

HASA-CB- 

NASA-CR- 

NASA-CH- 

HASA-CR- 

NASA-Cn- 

NASA-CR- 

HASA-Cii'^ 

NASA-CR- 

NASA-CR- 

NASA-CR- 

NASA-CH- 

NASA-CR- 

NASA-CR- 

NASA-CR- 

NASA-CB- 

NASA-Cfi- 

NASA-CB- 

HASA-CR-‘ 

NASA-CB- 

NASA-CR- 

NASA-CR- 

NASA-CE- 

NASA-CB- 

MASA-CR- 

HASA-CR- 

NASA-CR- 

NASA-CR- 

NASA-CR- 

HASA-CR- 

NASA-CR- 

NASA-CR- 

NASA-CB- 

WASA-CB- 

NASA-CE- 

NASA-CR- 

HASA-CR- 

NASA-CB- 

NASA-CE- 

NASA-CR- 

HASA-CR- 

NASA-CR- 






65224 
6522/, 

652;^4 
65259 

65264 

65269 

65277 

65283 

65287 

65289 

65323-WOL-t 

65323-VOL-2 
65324 

65327-VOL-I 
65327-VOL-2 
65328 

65340 • • o ^ * 

65342 

65351 ..... 

63353 ..... 

65357 

65358 

65364 

65365 ..... 

65366 ..... 

65367 ..... 

65369 

65376 ..... 

653 79 

65386 ..... 

65307 .•••• 

65368 

65391 .•••. 

65395 ..... 

65396 

65397 ..5>. 

65398 

65403. ..... 

65404 ..... 

65407 ..... 

65400 ..... 

65409-fOL-l 
65409-7OL-2 
65409-VOL-3 
65409-VOL-4 
65412 ..... 






65413 

65424 

65426 

6543 1 

65433 

65434 

65436 

65438 

65439 

65440 

6544 1 

65447 

65448 

65449 

65452-VOL-l 

65452-VOL-2 
65452-VOL-3 
65452-VOL-3 
65452-VOL-4 .... 

65452-VOL-5 .... 

65453 

65455 «... 

65457-VOL-2-PT-I 

65450 

65459 

65460 

65462 

65467 

65469 

65470 

65473 

65475 

65476 

65477 

65479 

65480 
6548 1 

65482 

65483 
G5485 

65487 

65488 
65495 












t • • * • 4 

« • m 


i • m • • # • • 


p0063 H82- 18370*# 
pOlOS H82-t6409*l 
p0064 H82-t9360*l 
p0044 H82-12 133^1 
p0139 H82-13554*# 
p0l32 H82-r^l7606*i 
p0044 H82-I0315*# 
pOI26 M82-M546*# 
p0132 M82-16494*# 
p0137 N82-30722*# 
P0130 H62-14636** 
p0130 H82-f.l4637*# 
p0)29 N82-53507*# 
p0|35 H82-24649*$ 
p0l35 HB2-24650*# 
p0tl7 N62-I3490*# 
pOOSI H82-12139*# 
pOI33 H82-18693*# 
p0023 HB2-I0040*# 
pOtOS M82-12444*# 
p0023 N82-14092*# 
p0023 N82-14093*# 
pOl46 Ne2-3l96e*» 
pOI46 N82-3t969*# 
p0146 M82-31970*# 
pOI36 H82-25635*# 
p0131 M82- 16484*# 
p0134 H82-22666*# 
p0|04 N82-11465*# 
p0023 N62-14095*# 
p0024 NB2-14096*# 
p0027 N82-273I6*# 
p0073 HB2-tl224*l 
p0063 H82- 14333*# 
p0130 H02-135IO** 
p0028 H82-29323*# 
pOI07 N82-27743*# 
p0129 N82-I3505*# 
p0073 H62-I0245*# 
p0063 N82-I0I93*# 
p0024 H82-1922I*# 
p0078 H82-20362*# 
p0078 H82-20363*# 
p0078 N02-2O364*# 
p0078 H82-20365*# 
p0ll3 N82-267I3*# 
p0083 N82-13357*# 
p0l30 Ne2-I3508*l 
P013I N82-16482*# 
p0064 N82-23395’f# 
p0114 H82-267I4*# 
p0ll4 N82-267I5*# 
pOI32 N82-17607*# 
pOna N82-267I6*# 
p01!4 H82-267I7*# 
p01l4 N82-26718*# 
pOI2B NB2-10506*# 
pOI32 H82-17608*# 
p0052 N62-31446*# 
p0135 N82-2465I*# 
p0l29 N62-I2570*# 
pOI36 N62-27837*# 
pOI28 H82-I0495*# 
pOI36 Re2-27637*# 
p0133 N82-10688*l 
p0132 N82- 17603*# 
pOI3l N82-15527*# 
p013l N62-164B3*# 
p0006 He2-IBI80*i 
p0023 N62-I2075*# 
p0025 NB2-22264*# 
P0052 H82-I5123*# 
pOliO H62-I35I1*# 
pOO70 N82-13302*# 
P0022 HB2-10039*# 
p0023 NB2-1 1068*# 
p0126 N62-10505*# 
p0129 N82-1257I*# 
p0097 N82-22479*# 
pOI30 N82-14627*# 
pOI04 H82-n466*# 
P0129 N82-13506*# 
pOUB H82-33827*# 
P0I36 H82-24725*# 
pOI30 NB2-14628*# 
p0157 N62-10680*# 
p0105 M82-1I466** 
P0112 N82-1453I*# 
p0039 H82-I5I17*# 


K-7 


lirOIT/ICCBSSIOl ■OliBB XiPlX 


ORIGINAL 
OE POOR 


NASA-CR-165lf97 p0113 M82-267024# 

NASA-CP-t65498 pOII3 H82-26706*# 

NA55A-CR-169499 p0022 M82-10037*# 

!fA5A-CE-I65499-APP-B p0022 MB2-IOO30*I 

NA5A-CD- 165500 p0024 M82-1600Uf 

KASA~Cn-165502-YOL‘*l p00U6 M82*-mi0«i 

KASA-CP-l65502-VOt"2 p0044 H02-imi*# 

NA5A-Cn-I65503 p0026 E82-2324B*# 

KASA-CK-165505 p0t28 W02-H545»f 

NASA-CB-1655C7 p0085 802-24425^# 

HASA-CB* 165508 pOI2B H82-II547Y* 

IJASA-^CB- 165510 pOI06 882-24496*1 

8A5A-CB- 16551 1 pO 133 802-18698*1 

BASA-CB- 165512 p0129 882-12572*1 

NASA-CF-165513 p0073 802-14371*1 

NA5A-rp-.|C5515 p0023 882-131 45*i 

HASA-Cr-165516 p0048 N62-1213S*# 

NASA-Cn- 165517 p0073 802-13243** 

NA5A-CR-165519 pOI29 882-12573*1 

MASA->CB- 165520 pC098 802-254 99*1 

NA5A-CB- 165521 p0044 882-21252** 

NA5A-CB- 165574 p0134 882-22770** 

8ASA-CP- 165526 p, ^ p . p0013 882-19196** 

NASA-CB- 165530 p0092 H02-M39O** 

NASA-CP- 105531 p0104 862-11467** 

HASA-CE- 165533 p0024 802-16080** 

HA5A-CB- 165534 p0073 802-10402** 

NASA-C??- 165535 p0164 882-16068** 

HABA-’C^- 165536 p0163 862-16936** 

NASA-CE- 165530 p0083 882-14447** 

MASA-CE- 165539 pO 145 882- 16748** 

HASA-CP- 165544 p0064 882-27462** 

NASA-CB-165545 p0063 8B2-10368*# 

8ASA-CP- 165546 p0084 882-17439** 

HASA-CB- 165547 p0084 882-10506** 

HASA-CB- 165549 p0064 882-26439** 

8ASA-CE-I65551 p0133 882-19669*1 

8A3A-CR- 165553 p0027 802-273 10** 

MASA-CE- 165554 p0106 882-16603** 

NASA-CE- 165555 p0024 882-17174** 

8ASA-CE-t65556 p0027 882-2B297** 

8 ASA-CB- 165557 p0029 882-33393** 

8ASA-CF- 165560 p013B 882-32056** 

NASA-CB-165561 p0H3 882-17521** 

8BSA-Ca-165562-VOL-l pOI53 N82-2I03I** 

NASA-CP- 165562-VOL-2 p0153 N82-21032** 

NASA-CP- 165562-VOL-3 p0155 882-21033** 

NASA-CP- 165563 «... pOM3 882-20564** 

8ASA-CP-165564 p0025 882-22263** 

8ASA-CB-16 5565 p0025 H02-22268*# 

NASA-CP- 16556B p0135 882-24640*# 

NASA-CP- 165569 p00«4 832-16172** 

NASA-CB- 165570 p0 133 882-10689** 

HASA-CR- 165572 p0027 882-27309** 

NASA-CP- 165573 p0027 882-28296*# 

NASA-CP- 165574 pC090 882-19496** 

NASA-CB- 165577 pO 133 882-18690*# 

NASA-CB- 165578 pO 134 882-21709*# 

NISA-CR- 165580 p0025 882-21197*# 

8ASP:-CB- 165583 p015B 882-24078** 

8ASA-CP- 165585 p0044 882-21253** 

NnSA-CH-165586 p0024 882-21196** 

NAHA-CB-^ 165507 pCC07 882-21158*# 

8ASA-CF- 165509 pO 137 882-30709*# 

HASA-CP- 165553 p0 159 8B2-23030** 

NASA-CB- 16 5594 pOH2 802-176 IS*# 

NASA-CB-165596 p0009 882-28253*# 

8ASA-CR-165599 o0008 882-24166*# 

NASA -CP- 165600 p0007 882-222 10* • 

NASA-CP- 165602 p0028 802-32367*# 

IIASA-Cn- 165603 p0045 882-242 85** 

NASA-CR- 165604 p0045 882-28350** 

NASA-CR- 165605 p0064 882-28409** 

NASA-CB- 165606 p0136 8B2-297I8** 

NASA-CR- 165607 p0002 882-22142** 

NASA-CE- 165609 p0074 882-24353** 

NASA-CP- 165610 o0026 802-24202** 

NASA-CR-16561 1 pOO20 882-31328*# 

NASA-CR- 165614 p0055 H82-22326** 

NASA-CE- 1656 15 p0055 882-25338** 

NASA-CB- 165616 p0|34 882-20661*# 

HASA-CD- 165617 60007 882-222 11*# 

NASA-Cn- 165620 pO 134 882-217 13*# 

NASA-CE- 165621 p0045 802-22309** 

NASA-CB- 165622 p0045 882-242 87*# 

NASA-CB- 167397 pO 164 882-343 12** 

NASA-CF-167041 p0045 802-24288** 

NASA-CB- 16 7P46 pOOO0 802-26239*# 

NASA-CE- 167P49 ^ . p0026 882-25254*# 


MASA-CB- 167853 
BASA-CR- 167855 
NASA-CB-167856 

NASA-CR- 167857 

NASA-CR- 167B6 I 

NASA-CR-167867 

NASA-CR- 16786 9 

NASA-CB- 167872 

NASA-CR- 167676 

NASA-CB- 167677 

HASA-CB-16787 9 

NASA-CH- 167683 

NASA-CB- 167885 

NASA-CB- 167886 

H A S A-CB- 16788 9- VOl- 1 
NASA— CB— 1 67889— VOI«— 2 

NASA-CB- 167892 

NA5A-CB- 167894 ••»•«••••• •••••••• 

NASA-CR- 167895 • • • • • 

NASA-CB- 167896 

NASA-CB- 167897 

NASA-CB- 167898 

MASA-CB- 1 67904 

NASA-CB- 167907 

MASA-CB- 167908 

NASA-CR- 167909 

8ASA-CR-16791 I 

NASA-CB- 167912 

MASA-CB- 1679 14 

MASA-CB- 16791 B 

MASA-CB- 167920 

NASA-CB- 167 923 

NASA-CB- 167924 

NASA-CR- 167 92B-VOL- 1 

NASA-CB- 16792 9 

NASA-CR- 167930 

NASA-CB- 167934 

NASA-CB- 167935 

NASA-CR- 167936 

NASA-CB- 167941 

NASA-CB- 167944 

NASA-CB- 167948 • 

NASA-CB- 16794 9 

NASA-CB- 167984 

NASA-CB- 167 996 

NASA-CB- ^684 18 

NASA-CB- 1684 19 

NASA-CR- 168548 

NASA-CB- 168550 

NASA-CB- 168556 

NASA-CB- I6855B 

NASA-CB- I665B5 

N AS A-CB- 166586 . 

NASA-CB- 1 68760 

NASA-CH-I68S42 

NASA-CB- 168894 

NASA-CB-16B929 

NASA-CH- 168930 

NASA-CH- 16694 1 

NA5A-CB-169003 

NASA-CB- 169004 

NASA-CB-169005 

NASA-CB-169016 

NASA-CR- 169029 

NASA-CH-169034 * 

NASA-CB- 169120 

NASA-CR- 169 125 

HASA-CR-169278 

NASA-CR- 169283 ^ • 

NASA-CB- 169293 

NASA-CB- 169294 

NASA-CB- 169295 

NASA-CB-169358 

NASA-CH- 169852 


NASA-TB-816 16 
HASA-Tft-81635 
KASA-Ttt-81651 
HASA-TK-81693 
NASA-TB-0 16 94 
HASA-TH-eiTOS 
NASA-TM-817 16 
NASA-TM-81746 
NASA-TH-81766 
NASA-TM-81767 
NASA-Tn-82594 
NASA-TM-B2620 
NASA-TW-82644 
NASA-7tt-82665 




..... 9 • •• f • •• • • 
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PAGE w 

QUALITY 


p0025 M82^22267** 
pOI46 N87(-25810*l 
P0040 N82-26377** 
P0040 N62-26378** 
pOOOB N02-26237*# 
pOV36 N82-297I9*# 
P0I36 M82-32655** 
P0I37 NB2-307I1** 
p0074 M82-26482** 
p0055 M02-25337** 
P0025 NB2-23246** 
p009l M62-24452** 
p0045 N82-26381** 
p0033 N82-29345** 
p0045 N82-33424** 
p0046 N82-33425*# 
p0064 NB2-30374** 
P0I37 N82-29720** 
p00|4 M82-33375** 
p0027 N82-25257** 
p0t14 N82-296I9** 
p0137 N82-30705** 
pOI42 N62-23976** 
p0164 N82-29235** 
p0t06 NB2-26679** 
P0052 H82-29363*# 
p0034 N82-27331** 
p0074 N82-31546*# 
p0029 N82-33392** 
p0079 NB2-25423** 
p0009 N82-323I0** 
p0l37 N82-29721** 
p0079 N82-3I584*# 
p0028 882-32370-5"* 
p0137 N82-30706*# 
pOI39 H82-29777*# 
p0078 N92-31585** 
p0l64 N02-34311** 
p0107 H82-29607** 
p0009 N82-29269** 
p0026 H82-33390** 
p0065 N82-3I509** 
p0028 N02-3339I** 
p0009 N82-33347** 
p0029 N8n-33394** 
p0!45 N32-17880** 
p0145 N82- 17079*# 
p0153 H82-I8994'»‘* 
p0052 N82-18326** 
p0064 N82-18506** 
p0084 882-10507** 
p0090 N82-I9495*# 
p0007 H82-19169*# 
p00B4 N82-22438** 
p0090 N82-22455*# 
p0026 NB2-23247*# 
p0076 N82-24361** 
p0113 MB2-24503** 
p0135 N82-24646*# 
p0026 N82-25252** 
p0026 N82-25253** 
pOOBS NB2-25442** 
p0153 N82-27090** 
pOI06 NB2-266B0** 
p0079 NB2-26526** 
p0091 N82-27686*# 
np079 N82-28503*# 
p0091 N82-3I638*# 
p0091 N02-3 1639*1 
PQ091 NB2-3164I*# 
P0092 N82-3I642*# 
p0092 H82-31643** 
polls H82-33738*# 
p0065 N82-33494** 

p0087 N82-1I397*# 
p015l N02-19944*# 
pOOI4 N82- 11053** 
p0099 N62-16413** 
pOlOO H82-25518*# 
pOI IB N82-13509*# 
p0058 N82-I7335** 

p0066 882-11211** 

P0I17 N82-I4552*# 
pOl.24 NB2-30704** 
pOl 19 802-14633** 
pOI63 NB2-130I3** 
p0024 NB2-21I93** 
p0123 N82-25637*# 




BIPOtT/ICCISSXOI SaUIB IIDBI 


MASH^?fH8267l p0120 N82-2l7l2*t 

BKSB-'^.'!-'82678 p0!51 N82-15847*# 

BRSB-TW-02685 pOH8 HB2-1I55U# 

HBf5l-7«-B2686 pOOSM M02-I9333*l 

NKSIk'-Tn^8269t p00t9 M62-273U«i 

MKSB'-78-82699 pOOH Il82-}8222«l 

NHSI^-T»-a2704 p0058 N62-10t95*« 

NKSB<-7n-82705 p0099 VB2-f244(;4>l 

HASI-7«-82706 p0058 H82-1II83*I 

BASA-TK-82707 pOI20 HB2-20668^i 

KASA-*TH-027O8 p0020 N62*-29324*l 

NASA-TH-82709 pOI18 N82-10503^« 

M{^SRv-T8*e2710 p0037 Be2-1ll07*« 

NKSA-*Tft.827n pO 120 M82-2I7 10*1 

NASA-rM-B27l3 pO H 1 NB2-!1491*» 

H&SA-*Tn-82715 p0058 882-111 82*1 

!lASA-7H-e272l pO 129 N82-307|0*A 

8ASA-TB-82722 p0066 HB2-I5197*# 

HASA-7M-82723 pC037 882-11106*1 

NASA-TB-82724 p0118 HB2-12574*# 

NASR-TH-B2725 p0003 882-11043*# 

NASA-TR-82726 p0003 NB2- 13 1 14*1 

NASA-TB-B2727 p0l63 H82- 11993*# 

8ASA-TH-82728 p0003 882-11042*# 

NASA-TH-B2729 pO 120 M82-19672*# 

HASA-7H-82730 pOtBI 882-12890** 

NASA-TB-82731 pOMB 802-13504*# 

8ASA-TB-82732 p0099 802-164 12*# 

NASA-TB-82733 p0049 882-11 1 17*# 

NASA-TB-82734 p0 119 8B2-I648I*# 

BASA-TB-82735 p0ll9 882-16694*# 

HASA-TB-02736 p012| 882-23670*1 

8ASA-Tfi-e2737 p0066 882-15199*1 

NASA-TM-82730 p0151 882-16808*# 

NASA-TB-62740 p0058 882-12216*# 

HASA-TB-B274 f pQISI 862-12891*# 

8ASA-TB-02743 p0004 H82-1B178*# 

8ASA-TB-82744 pOI57 NB2-12943*# 

8ASA-TB-62745 pO 11 1 882-16419*# 

NASA-TB-82746 p0 149 882-14849*# 

8ASA-TB-82747 p0003 882-13112*# 

8ASA-7B-82749 p0049 8B2-14287*# 

8ASA-TB-B2750 p0157 882-13908*# 

8ASA-TB-82751 pO 119 HB2-16476*# 

RASA-TB-82752 p0151 N82-16B09*# 

8ASA-TB-82753 ^ • pC099 802-14519*# 

8ASA-TB-82754 p0031 802-19229*# 

8ASA-TB-62755 p0095 882-14494*# 

8ASA-TH-82756 p0017 882-15041*# 

MASA-TB-82757 p0066 882-15198*# 

8ASA-TB-B275e pQ058 882-111 84*# 

8ASA-TB-82759 p0003 882-12043*# 

8ASA-TB-62760 p0004 802-16049*# 

8ASA-TH-82761 pQ1l9 882-16495*# 

8ASA-TB-62763 pOO 16 882-14094** 

«ASA-^a-827u4 p0003 882-13113*# 

8ASA-TB-82765 p0066 882-14359*# 

8ASA-^B-82766 pO 15 1 RB2-14881*# 

8ASA-TM-62767 p0120 882-19673*# 

HASA-TB-82768 pO 120 882-19671*# 

8ASA-'^B- 82769 p0048 802-15119*# 

NASA-TH-82770 p0016 882-13144*# 

HASA-TB-82771 pOO 16 882-13146*# 

8ASA-TB-82772 pOOIT 882-211 94*# 

HASA-TM-B2773 p0143 882-16743*1 

8ASA-^K-82775 ... p0 162 882-20006*# 

KASA-TB-82776 pOO 17 882-19220*# 

8ASA-TB-02777 p0004 882-15020*# 

8ASA-T«-e2779 p0048 882-17263*# 

NASA-TB-82780 p0049 882-161 81*# 

8ASA-TW-82781 p0038 882-10311*# 

WASA-TB-B2783 p0!19 882-16691*# 

l(ASA-'rB-02784 p0122 882-23679*1 

8ASA-TB-B2705 ... p0076 882-:i0339*# 

8ASA-TB-02706 p0099 N82-164I1*# 

8ASA-TH-82787 pOO 19 882-25255*# 

BASA-TB-82788 p0017 802-16084*1^ 

8ASA-TB-82789 p0004 882-25213*^ 

NASA-l!fl-82790 pOOO 1 882-17083*# 

8ASA-TB-827S1 p0120 882-19670*# 

NASA-TB-82792 pOOlB H82-2I195*# 

8ASA-TB-82793 ^ pO 110 882- 1 86 12*# 

8ASA-TB-82794 p0l21 802-21714*# 

8ASA-TB-82795 p0087 882-17453*# 

8A5A-Tfl-e2796 p0088 882-28574*# 

8ASA-TB-02797 pOC87 882-19493*# 

8ASA-TB-B2798 pOIOQ 882-20543*# 

KASA-TH-82799 p0076 882-22386*# 

NASA-TB>82800 p0087 882-19494*# 


HASA-TH-B280I p0072 

8ASA-TB-B2802 p0054 

MASA-TB-82803 pOllO 

MASA-TH-82604 p012l 

8ASA-TM-B2805 p0152 

8ASA-TN-82806 p0049 

MASA-TB-82807 «» . 4 . p0042 

8iSA-TH-B280e p0067 

MASA-TH-82609 *••• 9 *•••••••• p0076 

NASA-Tn-828tO 9 * pOI 10 

MASA-TB-828H ••9«.9.99..9«t«9«M*« p0049 
NA5A-7M-62012 p0050 

HASA-XM-62813 pOttI 

NASA-TB-82814 p0059 

8ASA-TB-82B15 •«•.•••» 9 pOO 16 

8ASA-TB-82816 pOOlB 

8ASA-TB-628I7 ••••9..9.949»****9 *« 9 p0049 

8ASA-TH-626 19 « p0067 

8ASA-TM-62620 p0102 

8ASA-TK-82821 p0068 

HA SA-TH-6 28 22 9 •••.•« • pO 1 25 

NASA-TB-82823 999 * 9 • 9 * 9 •* . ••• • • pOOSO 

HASA-TB-82824 *• • • 9 . 9 9 9 99 • 9 •• 9 « p0060 

8ASA-TH-62825 ,pOI47 

HASA-TB-e2626 99 . 999 . 999. 9 p0067 

HASA-TH-S2B27 p0042 

8ASA-TH-8282B p0060 

HASA-TB-82829 9 999.» p0066 

8ASA-TH-82830 p0059 

HASA-TB-62a3| pOI 12 

MASA-TH-82832 .... 9 • pOO 69 

8ASA-TH-B2633 • pOOSO 

HASA-TB-82834 ••.••••« 999 9 • 9 . 9 9 9 9 • • p0068 

HASA-TH-B2835 p0067 

NASA-TB-82836 ..•••»9.*.999.. 99999 . pOI24 

HASA-Tn-62837 p0061 

8ASA-TB-B283B ... . 9 ••»••• 9 ••••••••« p0163 

NASA-TB-B2a39 ... 9 •••*••. 9 •••••••• • p0060 

NASA-TH-82B40 pOtOI 

MASA-TK-e2841 p0095 

HASA-TH-62B42 999 . 9 . ••••••• p0152 

HASA-7B-82B43 p0149 

HA5A-TH-B2844 p0123 

MASA-TM-82645 pOl 12 

NASA-TB-82846 pO 1 11 

HASA-7M-B2847 p0004 

NASA-TH-8284B p0163 

HASA-TB-82849 •••• 99 . • 99 . ••••••••• • pU036 

HASA-TH-B2850 •••• 9 •• •••• 9 9 •••..•• * p0112 

NASA-Ta-82851 ••«•••••••• 9 9 •••••• «• pOO 18 

NASA-TH-B2852 • • • pD060 

NASA-TH-82853 • *.. 9 .••••• 9 9 p0076 

MASA-IH-82854 p0054 

HASA-TH-82855 •• 9. 9 p00 6B 

NASA-TH-82856 •• pOlOO 

HASA-TB-82857 9 9 • *• •• 9 9 • • 9 •• • « • pOlOO 

HASA-7H-8285B p0069 

NASA-TN-B2859 POIOI 

NASA-TB-82860 p0005 

MASA-TH-B2861 p0036 

HASA-7H-82862 pOO 19 

HASA-TB-62B63 p00B2 

HA3A-TH-82664 •••• 9 9 . 9. .•••••••••« 9 pO 1 57 

HASA-TB-82865 pOIOl 

M ASA-Tn-82B66 . . • • . • pO 1 0 1 

HAS A— TB— 62867 .9ft.9...9«99*9.9..... p0042 

MASA-TB-82868 pOO 50 

HASA-TH-e2869 • •• . • • • •• • 9 9 • 9 • 9 • pOO 19 

HASA-TB-02871 p0148 

NASA-TH-62B72 pOI26 

HASA-XB-82873 ••.••••• 999 • 99. 9 p0069 

NASA-TM-82874 ••••• p0146 

HASA-TB-82875 pO 1 23 

HASA-TB-82877 p00t9 

KASA-TB-62878 »••••*••••• 9 • p0072 

HASA-TB-82879 p006t 

HASA-TH-62880 9 • pOO IB 

HASA-TH-82881 pOOOS 

HASA-TH-82882 p005l 

HASA-TH-828e3 p0072 

MASA-TH-a2884 9 •••••••• * pOlOO 

NASA-TM-e2885 • • ^ 9 • 99 • ••• 9 9 pOOOS 

MA5A-TB-82886 p0095 

MASA-TH-82887 p0 102 

HASA-TH-B2888 p0102 

MASA-TB-62889 9 ••••••.. . p0149 

NASA-TH-82B91 9 9.. ••••• pOOOl 

NASA-TH-62B92 p0042 

NASA-TH-82694 p0004 


1(62-21415*1 
162-22327*# 
M82-19550*# 
N82-22649*# 
N82-2 1998*1 
H82-2I25B*# 
H62-20240*# 
H82-20313*# 
182-22307*# 
M62-2055t** 
N62-2I2S9*# 
N02-243OO*# 
N82-21604*# 
862-22344*# 
882-22262** 
882-22266*# 
882-21260*# 
882-20314*1 
862-32735** 
862-24342** 
882-30714*# 
802-24297*# 
882-24323** 
882-22915*# 
882-2 133 1** 
882-24266*1 
802-24325*# 
862-24343*# 
882-22346*# 
802-26701*# 
882-29459*# 
882-22313** 
882-26468** 
882-22453*# 
802-26786*# 
882-30372*# 
882«2719!*# 
882-24322*# 
882-26681*# 
882-28605*# 
882-22951*# 
882-22922*# 
882-24647*# 
882-24502*# 
802-24501*# 
882-24165*# 
882-2605I*# 
882-23261*# 
N82-31707*# 
MB2-24201*# 
882-24326*# 
882-22308*# 
HB2-3I459*# 
882-24455*# 
N02-255I9*# 
882-25520*# 
882-29458*# 
882-28643*# 
882-28250*# 
882-25290*# 
882-26300*# 
862-33636*# 
802-25961*# 
882-28646*# 
882-28645*# 
882-29354*# 
882-30335*# 
882-26297*# 
882-30992*# 
882-31776*# 
882-28445*# 
882-31 97 1*i 
882-25636*# 
882-26299*# 
882-26483*# 
862-30373*# 
802-24203*# 
882-26241** 
882-31449*# 
862-32504** 
882-24497*# 
882-28249*# 
802-31663*# 
882-32733*# 
882-30552*# 
882«»24859*| 
862-26219*# 
882-31443** 
882-2 6245-p^# 


B-9 


IBPOKT/ACCISSZOII JKIUBB ZBOII 


ORIGINAL PAGE S3 
OF POOR QUAUlY 


WASA-TB-028S5 •* 
llASA-TR-02B9f 
RASA-TB- 02897 .. 

MASA-TP-82099 •• 

llASA-'»'B-82900 .. 

IIASA-TP-a290l 
KASA-TK-82902 
RASA-TP-02903: .. 

KASA~TR-029C9 •• 
RASA-''’R-829C5 .. 

RASA-TR-e29n& .. 
MASA-TK-829CB .• 
HASA-Tn-82909 .• 

HASA-TI!-829tO .* 
HASA-TW-8291 I .* 
HASA-TV829I2 •. 
NA5A-TR-829 13 •• 

NASA-TM-82914 •• 

RASA-TH-829 1*5 •• 

HASA-TB-02916 •• 

BASA-TM-82917 .. 

KASA-TR-82919 
RASA-TM-8292! •• 

HASA-TR-S2922 .. 
NASA-Ttt-82924 .* 
NASA-Tfl-82925 .. 
RASI^TH-82927 .• 

NASA-TH-82928 .. 

RASA-TW-82929 .. 

HASA-TH-02930 ,• 

HASA-^t}-8293i •. 

HA8A-7H-82933 .. 

NASA-TB-82938 .• 

RASA-rM»92937 .» 

HASA-TK-82942 
NASA-tB-82941 
NASA-"’H-82944 .. 

NASA-tn-82945 
NASA-’rK-32946 
NASA-aVK-83307 
HASA-TB-84 069 •• 

NASA-TN-eU 127 .. 

RASA-7H-84 194 
KASA-TH 'B4207 •. 

HASA-’^B-847ni 


pOI63 RB2-3U60*# 
pO 112 482^3 1708^* 
p0123 NB2-27838*I 
P0 126 H82-32853M 
pOI27 H82-»33a29*f 
p0089 H82-32633*# 
pOI26 K82-32854^» 
p0126 R82-3I777*# 
p0042 H82-27358*l 
pOOei 882-324 6 !♦! 
pO 123 H82-268^?7M 
pOC72 882-275 I9*l 
p0123 882-26790»i 
pOlO! 882-28544M 
pOQ88 NB2-266ll*f 
pOI24 882-30700*# 
p0055 NB2-33463*# 
P0095 N82-3I664*# 
p0019 H82-'26298^l 
p0d72 HB2-28460*# 
pOI26 882-33826 # 
p0013 8B2-302 97*# 
p0!25 N02-307I3*# 
pOI24 N82-297I7*# 
pO 152 882-320 82*# 
p00B9 882-32634*# 
p0096 882-32662*^ 
pOOB2 882-30474*# 
pOOSl 802-30336*# 
p0125 W82-307I7*# 
p0!49 882-290 75*l 
p0061 882-33493*1 
p0 152 882-3 I060*# 
pOI44 882-30949*# 
p0069 H82-30401*# 
p0102 882-32734*1 
p0127 N82-338J0*# 
p0125 882-30715*# 
pOI25 882-307 16*« 
pOOOl 882-19132*1 
pOOe I 882-153 n*i 
pOH7 882-18664*1 
p0117 882-24525*# 
p0015 882-23241*# 
pOOai 882-24431*# 


NASA-TP-1663 
8ASA-TE-I7 98 
KASA-TP^ 1851 
8ASA-TP- 1851 
8ASA-’^P-186e 
NASA-TP- 1082 
« AS A -TP- 1884 
8ASA-TP-1906 
NASA-TP- 19 07 
HAS A-TP- 1908 
HASA-TP-1909 
HASA-Tp-1942 
NASA-T P- 1943 
HASA-TP-1944 
NASA-'*’ P- 1945 
NASA-TP- 1946 
HASA-TF- 1947 
NASA-? P- 1954 
NASA-T E- 1967 
HASA-T P-1968 
NASA-T P-1973 
NASA-? F- 1974 
NASA-? P-1982 
NASA-? P-1985 
NASA-T P-1906 
NASA-TP-t9R9 
NASA-T F-1990 
NASA-TP-1991 
NASA-TP- 1992 
NAS A -TP- 1994 
NASA-TP- 19 95 
NASA-TP- 1999 
NASA-T’ P-20 01 
NASA-? P-20 02 
NASA-TP- 20 06 
NASA-T P-'2007 
NASA-TP- 2008 
NASA -TP-20 18 
NASA-'” P-20 20 
NASA-T P-2027 
HASA-TF-2028 
NASA-TP- 2029 
NASA-Tp-2030 







p0095 882-19521*# 
poo 16 882-13143*# 
p0l46 882-33020*# 
p0066 802-16239*# 
p0095 882-22481*# 
pOlOO N82-255I4*# 
p0088 882-30490*# 
p0i61 882-32166*# 
p0161 882-32187*# 
p016l 802-32188*# 
p0161 882-32189*1 
p0016 882-14090*# 
p0003 882-14051*1 
p0067 H82-19373*# 
p0016 882-15040*# 
p00I6 882-15039*# 
pC067 882-19374*# 
pOI!9 882-16477*# 
pC087 882-20467*# 
p0152 8B2-21036*# 
pOin 882-20566*# 
p0017 882-19222*# 
pOm 882-20565*1 
p0058 N02-2O291*# 
p0067 882-20316*# 
p0059 N82-2I300*# 
p0059 882-21298*# 
p0059 882-21301*# 
pOOBI 882-22439*# 
p006fl K82-2I332*# 
pOI52 882-24942*# 
p0082 882-25441*# 
pOOI8 882-22269*# 
p0068 882-22366*# 
pOOeo N82-22349*# 
p0095 N82-235I5*# 
p008l 802-23397*# 
p0004 882-26234*# 
p00l8 882-25250*# 
pOlOl N82-26678*# 
p0020 882-31329*# 
p0005 N82-29270*# 
pOOOS N82-28247** 


8ASA-IP-2037 
HASA-TP-2040 
8ASA-TP-2047 
NASA-TP- 2048 
MASA-T P-2049 


p0103 M82-32737*# 
p0|02 882-31691*# 
p0102 H02-32736*# 
p0069 882-32491*1 
p0020 882-33389*# 


HASA-1-4-H- j-TM 


p0079 N82-25423«l 


opAI-1403-12-81 
PPl-3009-4 ... 
P8-1 ......... 


p0044 882-21253*# 
pOl29 882-13505*# 
pOI63 882-16937*# 


P50/TaRDO-^8t-4 .... 



.. p0006 

N62-I8I64*# 

PSO/TUBBO-02-2 .... 

• • • • • 1 

...... 

.. p0026 

B82-25252** 

PSO/TUHDO-82-3 

..... 4 

9 9 9 9 9 9 

.. poo 26 

H82-25253*# 

P50/T0BBO-82-4 .... 

. . . . • ^ 


.. p009l 

N82-27606*# 

PW A- 55 12-87 ....... 

..... 


*. p0027 

N82-27309*# 

piiA-55i2-ae 

. . .. 


•• p0027 

NB2-28296*# 

PNA-55 15-162 

..... 


«. p0t04 

N82-II467*# 

PHA-SSI&>I65 

« • • 9 # 

...... 

.. pot 06 

N82-18603*# 

PHA-5589-19 ....... 

..... 

....... 

«• poo 25 

H82-22265*# 

PHA-5594-92 ....... 

..... 


. . pOO 3 1 

882-32383*# 

PUA-5594-164 

..... 

...... 

.. p0025 

H02-22264*# 

PUA-5594-199 

• • • • • 

...... 

.. p0024 

MB2-21I96*# 

PHA-5594-215 ...... 

#9999 


•• p0029 

M82-33394*# 

PHA-5642-21 ....... 

• • * # fr 

...... 

«. pO064 

882-19360*# 

PHA-5643-6 

• V 9 9 9 

• ..... 

.. p0085 

882-23394*# 

P8A— 5698— 28 

9 9 9 9 9 

...... 

•• p0024 

862-16081*# 

PWA-5700-50 ....... 

9 9 9 9 

m » m » * 

.. p0024 

882-16080*# 

PHA-S708-26 ....... 

9 9 9 9 9 


«• p0097 

M82-22479*# 

PNA-5736-t7 ....... 

9 9 9 9 9 

. . . 9 . . 

» . p0023 

H82-!3f45*# 

PHA-5772-23 

9 9 9 9 9 


.. p0027 

H82-25257*# 

PHA-5774-21 ••••.•• 

• 9 9 9 9 

...... 

« . p 0 0 2 8 

882-33391*# 

P8A-5779-I0 ....i.. 

9 9 9 9 9 


., poo 26 

N82-23248*# 

PWA/5574-I23 



• •• p006^r 

N82-26439*# 


PYU-2II5 pOG73 N82-I8402*! 

QR-I pOnV' 882-13490*# 

QB-2 pOiai 882-16483*# 

OB-3 p0130 N82- 14628*1 

QB-3 p0135 N82-24648*# 

QB-4 p0i37 882-30705*# 

QB-7 pOI29 N82-12573*# 

QB-8 pOI32 N82-I7615*# 

QE-9 p0|34 N82-2I7I3*# 

QTB-3236 pOI29 N82-12572*# 

a-1489 p0064 862-24424** 


BEPT-21-4309 
HEPT-80ASBI42DB l-VOL-3 
BEPT-B I-9D ! -MABED-fi I 
BBPT-8 1-9D6-NASAC-B3 
HEPT-8 I-9F5-HTB AM-B5 
BEPT-11 1-240 1-204 ... 

BEPT-995 
BEPT-1759 

HEPT-2372-5009 

EEPX-61051 


pOI39 882-29777*# 
pOI64 H82-343I2*I 
p0130 H82-13511*# 
p0063 882-18368*# 
p0084 862-18506*# 
pOI30 M62- 14636*# 
p0023 N82-I1068*# 
p0028 N82-29323*# 
p0044 N82-2I252*# 
pOI36 H82-297I8*# 


HF-05438 


p009l N82-3I639*# 


BI/RD8 1-149 
fil/BDB 1-199 
BI/HD8 1-226 


pOI04 M62- 11465*# 
pOIOS 882-1 1468*# 
p0044 882-16172*# 


R80AEG3t4-VOL-4 

B8 1-912929 

B8 1-9 146 16-27 

B8 1-9 I 46 I B-28-?OI.-2-PT- 1 

BB 1-915186-13 

B8I-9I5540-9 

B8 IAEG030 ^ 

H0 UEG287-VOL-5 

B8tA£G590 
B82ABBt 15 

R62AEB189 

BB2AEBI98 , 

Ba2AEB462 


p0023 

p009l 

pOOOB 

p0006 

p0022 

p0090 

p0023 

p0023 

pOI3l 

p0024 

pd025 

P0027 

p0029 


HB2-t4092*« 
K82-22460*# 
N82-26229*# 
862-18180*# 
N82- 10039*# 
882-19496*# 
882-12075*# 
862-14093*# 
882-16484*# 
N02- 17 174*1 
H82-2n97*i 
882-28297*# 
882-33393*# 


SAB-3 p0063 882-13217*# 

SASB-2 p0090 882-15360*# 


B-IO 
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SASB-:i P0090 H82>-19495*I 

SASfi-4 p0092 H82-31643#l 


SCG*-0lO33flP 

SCG-BI0339B 

SCG-0IO3dOR 

SCG-ai034iP 

SCG- 8 l 034 nF 


p0078 H82*'20362*f 
pOOTB 882-20363*1 
p0078 N82-20364«i 
p0073 882-20365*1 
pC078 862-^20365*« 


SCI- 9 I 52 P 


p0l33 882-18693*1 


S5ni/CP-635-l238 


p0l22 N82-23684*| 


sicr-*Teico 40 ••••, 

5KF-ATfllC044 
SK F-AT81i:049-VOt-2 


p0146 H82-1I969*# 
p0146 882-31970*1 
p0!46 882-31968*# 


SH- 1029 -Jlt-r 


p0048 882-12135*# 


sa-34 p0007 882-22214*# 

SRD-ei-083 P0Q23 882-10040*# 


SR8I-R-4761-2! 

SR82-R-4792-28 

SR82-R-4994-O0 


p0138 8B2-33B27*# 
p0065 8B2-33494*I 
p0074 882-26482*1 


sr.S-F-61-5 140 
SSS-R- 82-52 18 
SS5-B- 82-5249- RKV 


p0040 882-26378*1 
p0040 882-263 77* i 
p0146 882-25810*# 


SO-B20 2-636? 


p0091 882-24452*# 


TB 200- 230- 8 2 


PQ 14 2 882-23976*# 


108-9081 ( 6506 - l )-1 pOOSl 882 - 2443 1 * • 

TPn -12 p 0026 882 - 23247 *# 

TR- 8 I-C -29 p 0003 862-131 14*1 

IF - 104 p 0079 862 - 26526 *# 

TR- 376-16 pOI 30 862 - 13508 *# 

TRW-fn-OOOl-F p 0063 882 - 18370 *# 

TRW- 32 c 60 - 60 C 1 -RU-OI •• pOOB 3 862 - 14447 *# 

TRW- 22660-600 l-Fa -01 p 9145 882 - 16740*1 

TRW- 37255 - 6 C 01 -UT-V 0 L-I p 00 U 5 882 - 33424 *# 

TRW- 37255 - 6002 -WT-VOI -2 p 0046 882 - 33425 *# 

TF 2 - 52200 / 2 R -53085 p 0007 882 - 21158 *# 

UAL-C- 80 - 3 1-31 •*•••••,•• PQI 39 N 82 -I 3554 *# 

DCLA-ENG- 8 I- IOI ^ pO 153 882 - 18994 *# 

aDB-TR- 92- 119 ^ ^ • pO 1 15 W 82 - 33738<-5 


US -PATENT- APPI.-SN-025301 
U S - P AT E 8T- ?. P PL -S H- 0 6 0 4 4 9 
ns-PA7TMT-APPL-SN-0?,l579 
0S-PATE8T-APPL-SN-092I45 
OS-PA"' ENT- APPL-S8-0 96255 
On-PATENT-APPL-SN- 102003 
US-FATEHT-APPL-SN- 102003 
05-PAT 58T-APPL-S8- 1 22966 
PS-FATFNT-APPL-S8-145209 
U5-P ATFNT- APPL-SO- 161254 
US - P A*^ ENT- A PPL -S N- t 9 1 74 6 
US-PA^^ENT-AFFL-SN- 199769 
US-PATENT-AFPL-SN- 202229 
OS- P AT EN*P- AP PL-S 0- 2 1 8 58 7 
US- P AT E NT- A P P L-S N- 2 I B 58 8 
US-PATENT-APPL-SN-219677 
US-PATFHT-APPL-SH-2 19678 
OS-PATiNT-APPL-SN-235860 
OS-PATENT- ArPL-SM-23e790 
US-PATENT-APPL-SN-3 IC7I 3 
OS - P AT 5 H T- A P PL- S N - 3 2 593 1 
0S-PATE8T-AFPL-S 8-328760 
OS-P AT ENT- APPL-SN-350471 
OS-PATSNT-APPL-SN-3 504 76 
OS-PATENT-APPL-SN-352821 
OS-PAIFNT-APPL-SW- 350398 
0S-PATf«T-APPL-SN-3 59368 
OS-PATENT- APPL-SN-364072 
US-PATENT-APPL-S8-360IB8 
0 S-P ATEN T- A PP t II - 37 1 3 5 4 
OS - P AT E N T- A P PL -S N- 175784 



• * • • • * -» « • • 


I <»«•<• 4 -4 • • 




n0019 NB2- 26293* 
p0020 882-32366* 
pOOD! M82-244I5* 
oC099 882-12442* 
p8099 882-19540* 
o0060 882-29415* 
p006l 882-30371* 
p0082 882-26568* 
pC069 882-29453* 
p0068 NB2-2844I* 
pOOei N82-3037I* 
pOOGI 882-31505* 
P00B7 882-^1 1399*# 
pOfl68 N82-28440* 
p0070 882-33521* 
d 0!25 882-31764* 
pOI24 882-29709* 
pCOPO 882-24449*# 
882-29708* 
1162- 112 lot# 
882-26674*# 
pOOee 802-254 63* I 
pOO 19 882-262 94*# 
POI25 KB 2-226 73*# 
pOl21 HB2-22672*# 
P0O59 082-22347*1 
pOI23 882-24717*# 
P0O5O N82-26306*# 
p00e2 882-24432* • 
p0050 882-26385*# 
p0060 802-2643I*# 


US-PATEMT-APPL-S8-39358d p0126 882-31769*1 

US-PAT£HT-4PPL-S8-397281 ••••••«•«• p005« 862-31450*# 

US-PATE8T-4PPL-S8-403378 p0070 882-33522*# 

US-PATK8T-APPI-SM-776I46 p0054 862-21268* 

05-PATEMT-APPE.-SN-801290 p0099 882-19540* 

US-PmMT-APPL-S8-648428 p0054 M82-2I268* 

USf PATENT-4PPt-58-93 1090 (>0099 182-19540* 

US-P4ZENT-CL4SS-29-572 pO|24 862-29709* 

0S-Pm8XfCLASS-60-39.07 ••,••••••• p0020 862-32366* 

1}S«^PATB8T^CL4SS-60-39*29 p0020 862-32366* 

MS-PATE8T‘ftCLASS-60-226A p0019 882-26293* 

OS-PATEHT-CLASS-60-726 ••*«•••••*«, p0020 H82-32366* 
US-PATEMT-CLASS- 136-249 ••••••••••, p0l24 882-29709* 

US-PATENT-CLASS- 136-249 pOI25 862-31764* 

US-PATEMT-CLASS- 148- 1.5 •••••••••«, p(^124 882-29709* 

US-tPATEMT-CLASS-148-428 p0061 882-31505* 

US-fPATK8T-CLASS-204-38B p0070 882-33521* 

US-fPATE87-CLA5S-204-192C ••••••..,. p0060 N62-29415* 

0S-PATKMT«^CLASS-204-i92C p006l 882-30371* 

US-PATENT-CLASS-204-192E ••••••••*. pOO60 882-28440* 

US-PATE8T-CLASS-204-192E •••••••••« p0070 862-33521* 

US-rPATE8T-CLASS-204-l92EC ••••••.•• p0068 862-28440* 

US-PATB8T-CLASS-204-I92EC •..•••••• p0070 862-33521* 

US-rPATB8T-CLAS5-244-llOB ••••...»,» p0019 862-26293* 

USrPATBHT-CLASS-264-22 pOOGB 882-28440^ 

US-PATE8T-CLASS-264-53 p0054 862-21268* 

US-PATE8T-CLASS-264-216 p0054 862-21268* 

US-PATEMT-CLASS- 264-220 p0066 882-28440* 

US-PATEMT-CLASS-264-453 p0054 882-21268* 

US-PATE8T-CLASS-277-27 p0099 882-12442* 

US':<'PATB8T-CLASS-277-40 p0099 862-12442* 

US-?-PATE8T-CLASS-277-93B •••*••••••• p0099 802-12442* 

US-i-PATE8T-CLAS3-315-3.5 p0082 N62-26568* 

US-PATE8T-CLASS-3I5-3.6 pOOBi 862-24415* 

US-^-PATEMT-CLASS-315-3,6 p0082 H82-26568* 

USrPATE8T-CLASS-3l5-5.36 ••••••••.• p006t 882-24415* 

US-PATENT-CLASS-330-43 •••••. p0062 882-26566* 

U5rPAtE8X’-CLAsS-357-30 p0124 862-29709* 

US-PATE8T-CLASS-357-30 p0125 882-31764* 

US-PATE8T-CLASS-415-145 •»•••••••«« p0020 882-32366* 

US?-PATE8T-CLASS-4I5-174 p0099 882-19540* 

US-PATE8T-CLASS-4I5-174 p0069 882-29453* 

US^PATE8T-CLASS-415-178 p0020 882-32366* 

US-PATEHT-CLASS-415-196 p0099 882-19540* 

US-PATENT-CLASS-420-445 •••••••. p006 I K82-31505* 

US-PATE8T-CLASS-420-551 p006 I 862-3 1505* 

US-PATE8T-CLASS-420-586 pOOdI 862-31505* 

US-PATENT-CLASS-427-34 p0069 882-29 453* 

US-PATE8T-CLASS-427-M5 «*••••••••. p0054 N82-2I268* 

US-PATE8T-CLASS-427-205 .•,•••••*•• p0068 882-28441* 

US-PATENT-CLASS-427-244 p0054 N62-2I266* 

US-PATEHT-CLASS-427-246 p0054 882-21268* 

US-PATE8T-CLASS-427-253 p0068 882-2844 1* 

US-PATE8T-CLASS-427-405 ••••••••*•• p0068 882-28441* 

US-PATE8T-CLASS-427-423 * p0069 882-29453* 

US-PATENT-CLASS-426-I4I p0068 882-28440* 

US-PATE8T-CLASS-428-I4I ••••».••••• p0070 N82-3352I* 

US-PATENT-CtASS-428-457 p0061 882-30371* 

OS-PATENT-CLASS-428-472 p006 1 882-30371* 

US-PATENT-CLA5S-4 28-936 p0068 862-28441* 

US-PATE8T-CLASS-428-941 •,.,•••••«. p0068 862-28441* 
US-PATE8T-CLASS-429- 144 •••••,••••« p0!24 882-29708* 

US-PATEMT-CLASS-429-251 p0124 882-2970B* 

US-PATE8T-CLASS-42?f-254 ••••••••••• p0|24 802-29708* 


US-PATE8T-4 ^ 133,941 
US-PATENT-4, 135,851 
US-PATBHT-4, 207,024 
US-PATENT- 4, 2 77, 721 
0S-PATE8T-4,270,220 
US-PATENT-4 , 2 9 W 887 
0$-PATENT-4r295,786 
US-PATENT-4,309,372 
U$-PATENT-4, 3 10,574 
US-PATE8T-4,315,|94 
OS-PATENT-4,329, I 14 
US-PATENT-4, 329,385 
US-PATE8T-4, 33 1,746 
OS-PATENT-4,335,503 
US-PATENT-4, 336, 117 
US-PATENT-4, 336,276 
US-PATE8T-4,340,425 
US-PATE8T-4,341,643 
0S-PATE8T-4, 34 1,918 
US-PATENT-4, 344, 996 






••••?•••••• • 


p0054 882-21268* 
p0099 882-19540* 
p0099 882-19540* 
pOOBI 882-24415* 
pOOI9 882-26293* 
p0099 882-12442* 
p0099 882-19540* 
poo 54 882-21268* 
p0066 N82-28441* 
p0082 882-2656B* 
p0020 862^32366* 
p0068 882-28440* 
pOI24 882^29708* 
pOI24 862-29709* 
p0060 862-29415* 
p0069 862-29453* 
p006l 882-31505* 
p006l 882-30371* 
p0125 882-31764* 
p0070 882-33521* 


CTRC/B8I-915326-15 

UTflC/R82-9153e7-t6 




p0073 
p00 25 


882- 14371*1 
882-22267*1 


B-ll 
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OWRE-DF- ION 102-1 , 

rJWEI^DR-^20 1-I0I-I 

»-o$no 

«iiee-fn-csE 

imc-«2-90i-?iiiRiD-nf 


p0052 ia2-i<i2ie«f 
pe052 ■S2-ia324^t 

p0052 ia2-293«a»i 

pooas aa2-i3357M 

PQ I37 102-307 I2^« 
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